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PREFACE. 


During  the  last  few  years  several  valuable  manuals  of  Prac- 
tical Histology  have  appeared  in  this  country,  both  as  original 
■works  and  translations.  The  important  treatise  by  M.  Ean- 
vier  ("  Traite  technique  d'Histologie  "),  now  passing  through 
the  press  in  Paris,  will  also,  it  is  hoped,  soon  be  added  to 
the  hst.  The  present  work  makes  no  pretensions  to  super- 
sede any  of  these  its  predecessors.  Indeed,  neither  this  nor 
any  other  work  yet  published  can  profess  to  contain  every- 
thing that  the  student  of  practical  histology  ought  to  know. 

In  the  course  of  our  own  investigations  we  have  had  oc- 
casion to  give  special  attention  to  some  of  the  chemical  agents 
and  dyes  in  common  use,  and  also  to  examine  the  scientific 
journals,  especially  those  of  Germany  and  France,  for  records 
of  new  modes  of  research.  To  present  the  information  so 
acquired  in  a  convenient  form  is  one  of  the  objects  of  this 
book.     As  instances  of  the  methods  derived  from  foreign 
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sources  may  be  mentioned  that  of  Von  Ebner  for  the  examina- 
tion of  bone;  of  Gerlach  for  studying  the  termination  of 
nerve  fibrils  in  muscle ;  of  Cornil  for  tracing  the  course  of 
amyloid  degeneration;  of  Schwalbe  for  elastic  fibres;  ot 
Lowit  in  the  combined  application  of  gold  and  formic  acid  in 
the  study  of  nerves;  and  of  Ranvier  in  the  use  of  purpurine. 
These  are  a  few  examples  of  histological  methods  which  have 
been  described  so  recently  that  they  are  scarcely  yet  known 
to  English  readers. '  We  trust  that  the  abstracts  we  have 
given  of  these  and  other  methods  may  be  useful  even  to  his- 
tologists  of  long  experience. 

Our  primary  object,  however,  being  to  make  the  work 
useful  to  those  who  are  only  beginning  to  use  the  microscope, 
we  have  arranged  it  in  the  form  of  a  manual  of  Practical  His- 
tology. The  plan  we  have  adopted  is  to  exemplify  the 
various  methods  by  explaining  in  considerable  detail  their 
application  to  organs  which  are  specially  suited  for  this  pur- 
pose. 

In  carrying  out  this  idea  we  have  been  unavoidably  led  to 
treat  at  considerable  length  the  histology  of  some  of  the 
tissues,  and  in  doing  so  have  had  occasion  in  several  instances, 
as,  for  example,  when  studying  the  structure  of  muscle,  car- 
tilage, and  the  retina,  to  explain  views  that  diverge  widely 
from  those  taught  in  the  text-books.    In  doing  so  we  have, 
however,  been  careful  to  give  full  details  respecting  the 
methods  we  have  employed.   In  regard  to  the  points  on  which 
there  is  much  difference  of  opinion,  the  student  will  find  it 
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of  ffreater  advantage  to  be  able  to  examine  them  for  himself > 
evea  without  arriving  at  a  definite  conclusion,  than  to  follow 
implicitly  the  teaching  of  any  authority  whatsoever. 

It  follows  from  this  plan  that  the  details  of  the  mode  of 
appUcation  of  any  one  reagent  are  sometimes  found  in  dif- 
ferent parts  of  the  book,  but  any  inconvenience  which  might 
arise  from  this  arrangement  will  be  obviated  by  consulting 
the  index. 

Amongst  the  works  which  have  been  useful  to  us  in  the 
execution  of  our  task  we  have  to  express  our  obligations  more 
especially  to  the  published  part  of  Ranvier's  treatise,  and  to 
Exner's  "Leitfaden  bei  der  Mikroskopischen  Untersuchung 
Thierischer  Gewebe."  The  section  on  embryology  has  been 
translated  literally  from  the  latter  book. 

London,  May,  1877. 


Digitized  by  the  Internet  Archive 
in  2015 


https  ://arch  i  ve .  org/detai  Is/b21 5031 75 


LEE0S3.V/EST-RIUING 
j^EDlCO-CHlRURGlCAL  SOCIETY 


Al^  mTKODUOTIOIsr 

TO 

PRACTICAL  HISTOLOGY. 


In  ordincary  histological  ^vork  the  following  instruments  are 
indispensable  : 

Two  needles  fixed  in  handles,  or  two  needle-holders  into 
which  needles  can  be  fitted. 
Strong  and  fine  scissors. 
A  scalpel. 

A  razor,  flat  on  the  under  surface  and  slightly  grooved  on 
the  upper.  Instead  of  a  razor  a  knife  specially  fitted  for 
cutting  sections  may  be  used.  Those  sold  in  London  and 
Edinburgh  are  constructed  after  the  model  of  a  Vienna  maker. 
The  knife  on  account  of  its  weight  and  length  has  some  ad- 
vantages, but  a  good  razor  is  sufficient  for  most  purposes. 

A  section-lifter  or  spud  for  removing  sections  from  fluids. 
One  can  be  readily  made  by  beating  flat  the  end  of  a  piece  of 
copper  wire,  and  bending  the  flattened  part. 

Several  glass  rods. 

Pipettes  (which  are  made  by  heating  a  glass  tube  and  draw- 
ing out  its  extremities  to  points). 

Small  phials  containing  glycerine,  acetic  acid,  distilled 
water,  dammar  varnish  or  Canada  balsam.  It  is  convenient 
to  have  the  cork  perforated  by  a  glass  rod  or  tube. 

A  group  of  phials  fixed  in  a  glass  tray,  into  which  a  per- 
forated piece  of  cork  is  fitted,  is  used  in  Paris  for  this  purpose, 
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and  will  be  found  very  convenient.  Mr.  Hawksley,  instru- 
ment-maker, Oxford  Street,  London,  can  supply  this  tray. 


Fig.  1.    Tray  for  Ke-agent  Phials. 


Brunswick  black  or  asplialt,  for  cementing  preparations. 
We  prefer  Brunswick  black,  which  can  be  had  best  at  the 
ordinary  oil-shops.  (Sealing-wax  dissolved  in  spirit  can  also 
be  used.  For  certain  purposes  preparations  are  cemented  by 
melted  parafiln.) 

Glass  slides,  three  inches  by  one  inch,  and  thin  cover-glasses, 
three-quarter  inch  square. 

A  German  hone,  eight  inches  long  and  two  inches  wide,  for 
sharpening  the  section-knife  or  razor. 

T^o  make  useful  sections  the  razor  must  be  kept  very  sharp,  and 
every  worker  should  know  how  to  sharpen  it  for  himself.  If  pos- 
sible this  should  be  learned  from  a  cutler.  The  following  hints 
may  however  be  useful.  The  gi-ooved  surface  of  the  razor  is 
laid  flat  on  the  well-oiled  stone,  and  is  carried  steadily  backwai-ds 
and  forwards.  On  account  of  the  groove  the  pressure  rests  largely 
on  the  edge,  which  is  therefore  rapidly  gromid.  The  razor  is  then 
turned  and  the  flat  surface  laid  on  the  hone.    It  is  evident  that. 
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presuming  the  knife  to  be  quite  flat,  a  movement  like  that  applied 
lo  the  other  side  ^YOuld  in  this  case  only  wear  down  the  whole  side 
of  the  knife.  It  is  necessary  therefore  to  raise  the  back  part  of  the 
razor  very  slightly  from  the  hone,  so  that  the  pressure  may  be 
applied  to  the  edge.  But  for  the  particular  kind  of  edge  which  is 
needed,  it  is  important  that  the  knife  should  be  raised  to  the  slightest 
possible  degree.  The  knife  is  in  this  case  not  laibbed  backwards 
Lid  forwards,  but  carried  always  with  tlie  edge  against  the  stone, 
and  it  is  important  that  the  angle  formed  by  the  blade  and  the  sur- 
face should  be  kept  uniform.  When  a  good  edge  has  been  formed, 
it  should  be  perfected  by  being  passed  several  times  over  one  ot  the 
leather  straps  sold  for  the  purpose. 

A  few  camel's  hair  bruslies,  watch-glasses,  and  small  porce- 
lain capsules  are  also  required. 

The  microscope  used  should  be  provided  with  at  least  two 
objectives,  one  magnifying  50  to  80,  and  another  300  to  400 
diameters.  Other  powers  are  convenient,  especially  one  of 
about  150  diameters.  For  some  kinds  of  research  a  good 
immersion  lens,  magnifying  700  to  1000  diameters,  is  useful. 
But  with  the  tw.o  objectives  first  mentioned  histology  may 
for  a  time  be  well  studied. 

There  is  indeed  very  little  that  may  not  be  done  with  a 
power  of  300  to  400  diameters,  and  probably  better  done  so 
than  with  a  power  of  1000  diameters.  The  use  of  high  powers 
is  as  a  rule  to  be  avoided. 

The  assistance  of  an  experienced  microscopist  should  be 
obtained  in  the  selection  of  the  objectives.  For  those  who 
are  accustomed  to  microscopic  work,  the  molecular  movements 
in  the  corpuscles  wHch  are  always  present  in  saliva  form  a 
good  test  object. 

In  using  the  microscope  direct  sunlight  and  artificial  light 
should  be°avoided  when  possible.  The  best  hght  is  obtained 
from  white  clouds  in  an  otherwise  clear  sky.  Artificial  light 
may  be  tempered  by  being  made  to  pass  through  tinted  glass 
or  water.  Those  who  work  with  artificial  light  find  logwood 
staining  less  trying  to  the  eyes  than  carmine.  But  whilst 
coloured  elements  and  strongly-marked  outlines  are  readily 
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seen,  it  is  doubtful  whetlier  microscopic  studies  can  be  carried 
on  very  favourably  by  artificial  light. 

The  magnifying  power  should  not  be  increased  by  the  use 
of  a  high  ocular.  The  gain  is  in  this  case  usually  more  than 
counterbalanced  by  loss  of  definition.  The  lowest  ocular  should 
be  employed  with  immersion  lenses  of  high  power. 

The  magnifying  power  is  increased  by  drawing  out  the  tube 
of  the  microscope. 

The  method  of  examining  simple  objects  may  be  practised 
by  looking  at  milk.  A  drop  is  placed  on  the  slide,  and  a  cover 
glass  held  by  forceps  is  brought  over  it  in  the  following 
manner.  One  border  rests  on  the  slide,  and  the  other  on  the 
lower  blade  of  the  forceps,  which  is  gradually  lowered  until 
the  glass  first  touches  the  fluid  and  finally  is  quite  level. 

The  cover-glass  should  never  be  allowed  to  fall  on  the  fluid- 
By  attending  to  these  precautions  air  bubbles  are  excluded. 
The  drop  should  be  sufficiently  large  to  extend  to  the  edges  of 
the  cover-glass,  but  not  more  so. 

The  slide  being  then  placed  on  the  stage  the  mirror  is 
moved  until  the  light  is  reflected  to  the  object  which  should  be 
over  the  centre  of  the  stage-aperture.    The  tube  of  the  micro- 
scope, armed  with  a  power  of  300  to  400  diameters,  is  moved 
downwards  until  it  is  near  the  cover-glass.     The  observer 
looking  through  the  microscope,  moves  the  tube  slowly  farther 
downwards  until  an  indistinct  image  of  the  oil  globules  be- 
comes visible.    He  then  moves  the  screw  that  constitutes  the 
fine  adjustment  very  slowly  until  the  objects  are  focused.  By 
alternately  raising  and  depressing  the  objective  to  a  very  slight 
extent,  he  finds  that  the  appearance  of  the  globules  varies 
according  as  the  upper  surface  or  their  centre  is  in  focus.  This 
carrying  of  the  focus  upwards  and  downwards  through  an 
object  is  indispensable  in  every  kind  of  histological  investiga- 
tion, especially  when  high  powers  are  used. 

Beginners  must  avoid  bringing  the  objective  into  contact 
with  the  cover-glass.  If  they  do  so,  they  may  injure  their 
instrument  aS  well  as  spoil  their  preparation. 
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Low  power  objectives  are  not  brought  so  near  the.  cover- 
glass  FacUity  in  their  use  is  soon  acquired  by  examining 
such  objects  as  a  hair  or  a  fly's  wing  simply  inclosed  between 

An\mmersion  lens  is  used  by  placing  a  very  small  drop  of 
distiUed  water  on  the  surface  of  the  objective.  It  is  then 
brought  down  cautiously  until  the  water  comes  m  contact  with 
the  c°over-glass,  further  movement  being  regulated  by  the  fine 
adjustment.    After  use  it  should  be  carefully  and  gently  dried. 

For  the  measurement  of  objects  under  the  microscope  a 
micrometer  eye-piece  and  a  stage  micrometer  are  necessary. 
The  former  is  an  ocular  containing  in  the  focus  of  the  upper 
lens  a  piece  of  glass  on  which  a  scale  has  been  marked.  When 
an  object  is  to  be  measured,  this  eye-piece  is  placed  in  the 
microscope,  the  object  brought  into  focus,  and  the  number 
of  divisions  of  the  scale  over  which  it  extends  is  noted.  The 
stage  micrometer  is  a  glass  sUde,  on  which  a  very  fine  scale 
marking  Imown  fractions  of  a  millimeter  or  inch  is  engraved. 
This  stage  micrometer  is  inserted  instead  of  the  object  which 
is  to  be  measured  (the  tube  of  the  microscope  being  kept  in 
the  same  position),  and  an  observation  is  made  of  the  number 
of  divisions  covered  by  the  part  of  the  eye-piece  scale  which  is 
equal  to  the  length  of  the  object  to  be  measured.    The  number 
is  the  length  required.    As  the  same  objective  with  the  same 
position  of  the  tube  will  always  magnify  with  the  ocular 
micrometer  to  the  same  degree,  by  keeping  the  conditions  the 
same  the  use  of  the  stage  micrometer  may  be  afterwards  dis- 
pensed with.    The  value  of  a  set  of  lenses  in  a  given  position 
of  the  tube  may  be  thus  determined  once  for  all. 

Tissues  are  examined  fresh  in  serum  or  in  J  per  cent,  salt 
solution     or  they  are  hardened  and  thin  sections  are  ex- 

1  The  strength  of  solutions  is  expressed  in  percentages  for  the 
sake  of  brevity.  Instead  of  the  phrase  1  2Mrt  of  salt  in  200  tvater, 
we  shall  m  this  work  say  ^  ^jer  cent,  salt  solution.  These  solutions 
are  most  conveniently  prepared  by  using  the  decimal  system  of 
weights  and  measures ;  1  gramme  of  salt  dissolved  in  200  cubic 
centimeters  distilled  water  giving,  for  example,  the  J  per  cent,  solu- 
tion required. 


6 


PRACTICAL  HISTOLOGY. 


amined.  They  are  also  disintegrated  by  needles  either  fresli 
or  after  being  hardened  until  parts  sufficiently  transparent  are 
obtained.  In  either  case  they  may  be  dyed  by  staining  agents, 
various  elements  having  special  elective  affinities  for  the  dyes. 
Some  agents  both  stain  and  harden. 

The  following  are  the  hardening  agents  in  common  use  : 
Absolute  alcohol,  methylated  alcohol  (or  simply  alcohol), 
and  alcohol  diluted  with  two  parts  water,  which  we  shall  hence- 
forth term  diluted  alcohol.    These  different  strengths  have 
different  effects, 

Solutions  of  chromic  acid  in  various  degrees  of  dilution. 
The  strength  generally  used  is  from  ^th  to  1  per  cent.  A 
standard  solution  of  2  per  cent,  to  be  diluted  as  required  is 
useful. 

Bichromate  of  potash  in  solution  of  1  to  2  per  cent.  Bi- 
chromate of  ammonia  has  a  similar  action.    Muller's  fluid  is 

composed  of  a  2  per  cent,  solution  of  bichromate  of  potash, 
with  the  addition  of  sulphate  of  soda  in  the  proportion  of 
1  per  cent.  A  short  action  of  the  bichromate  or  of  diluted 
alcohol  (24  to  48  hours)  fits  tissues  for  being  teased  out,  and  is 
specially  adapted  for  isolation  of  epithelium. 

Picric  acid  in  saturated  solution  hardens  tissues  sufficiently 
for  cutting. 

Chloride  of  Palladium  is  recommended  by  F.  E.  Schultze 
for  staining  and  hardening  some  tissues.  It  is  used  in  J^th 
per  cent,  solution,  a  few  drops  of  hydrochloric  acid  being 
added. 

Hardening  in  gum  has  been  recommended  by  Briicke. 
The  part  to  be  cut  after  being  1  to  2  days  in  chromic 
acid,  or  Muller's  fluid,  is  placed  in  a  solution  of  gum  arable 
of  the  consistence  of  syrup  for  24  hours.  It  is  then  har- 
dened in  alcohol  and  cut.  The  sections  are  freed  from  the 
gum  which  is  in  their  interstices  by  being  placed  in  water  for 
24  hours. 

Weak  solutions  of  chromic  acid,  and  of  bichromate  of 
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potash  and  dilated  alcohol  have  a  macerating  effect  on  tissues 

during  the  first  24  hours.  . 

It  Is  important  in  hardening  tissues  with  chromic  acid 
bichromate  of  potash,  and  picric  acid  to  place  only  a  small 
portion  of  tissue  in  a  relatively  large  quantity  of  fluid,  and  to 
change  the  latter  after  24  or  48  hours.  _ 

As  a  general  rule  it  is  convenient  to  harden  in  chromic  acid 
or  MiiUer's  fluid  for  a  few  days,  and  then  to  complete  the 
process  by  24  hours  of  methylated  or  absolute  alcohol,  although 
there  are  some  tissues  for  which  this  rule  must  be  modified. 

Some  histologists  harden  in  a  mixture  of  chromic  acid  solu- 
tion and  alcohol. 

Potash  and  Soda  are  used  in  weak  and  in  strong  solutions, 
the  strong  solutions  of  potash  sometimes  preservmg  tissues 
that  are  destroyed  by  weaker  ones. 

We  have  found  special  results  by  using  a  solution  of  caustic 
potash  in  an  equal  weight  of  distilled  water.  Necessary  con- 
ditions of  success  are  chemical  purity  of  the  potash,  its  perfect 
dryness,  and  a  certain  temperature.  When  not  less  than  15 
arammes  is  used  the  temperature  should  rise  to  130°  or  140° 
Fahr.  When  it  falls  to  107°  the  fresh  tissues  are  placed  in 
the  solution,  and  after  a  few  minutes  are  broken  up  and  ex- 
amined in  a  drop  of  it.  (See  further  under  Cornea.)  In  refer- 
ring to  this  method  we  shall  use  the  term  saturated  potash 
solution. 

The  indications  for  the  use  of  the  mineral  acids  and  acetic 
acid  will  be  found  further  on. 

To  procure  a  medium  for  the  examination  of  tissues  wliich 
produces  no  chemical  change  in  them,  the  aqueous  and  vitreous 
humours  and  blood  serum  are  available.  In  the  frog  the 
aqueous  humour  is  best  obtained  by  opening  the  anterior 
chamber  from  the  edge  of  the  cornea  with  a  cataract  knife 
immediately  over  a  shde.  A  large  drop  may  be  obtained  on 
the  blade  of  the  knife.  To  obtain  blood  serum  cut  the  frog  s 
head  off  and  let  the  blood  from  the  trunk  drop  into  a  small 
capsule  or  watch-glass.  The  muscular  contractions  produced  by 
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passing  a  needle  into  the  spinal  column  hasten  its  flow.  The 
blood  is  covered  and  allowed  to  remain  undisturbed  for  an 
hour  or  two,  by  which  time  the  serum  is  available  for  use. 
By  adding  a  few  drops  of  carbolic  acid  solution  it  may  be  pre- 
served indefinitely  as  carbolised  serum. 

For  mammalian  tissues  the  aqueous  humour  of  the  ox  eye 
is  very  convenient.  The  fresh  eye  is  held  over  a  small  vessel, 
the  cornea  downwards  and  within  it.  A  sharp  scalpel  is  then 
drawn  across  and  through  the  centre  of  the  cornea  and  the 
aqueous  humour  falls  into  the  vessel.  A  large  quantity  of 
fluid  can  be  obtained  from  the  vitreous  humour  of  the  ox  eye. 
It  is  convenient  to  break  it  up  with  scissors  and  needles  to 
free  the  fluid  from  the  membranous  parts. 

Blood  serum  and  aqueous  humour  have  valuable  macerating 
qualities  whilst  they  at  the  same  time  preserve  the  most  deli- 
cate elements.  Putrefaction  may  be  prevented  by  addition  of 
a  few  drops  of  strong  solution  of  carbolic  acid — in  very  feeble 
proportion  to  the  quantity  of  fluid. 

Iodised  seruiri  is  now  much  used  for  maceration  and  preser- 
vation of  delicate  tissues.  It  is  prepared  by  collecting  am- 
niotic fluid  in  a  shallow  vessel  or  bottle  containing  iodine. 
The  vessel  must  be  shaken  or  the  bottle  turned  over  daily. 

Eanvier  recommends  the  following  method  :  The  serum  is 
mixed  with  tincture  of  iodine  in  large  proportion.  Filter,  and 
add  a  little  of  this  strongly  iodised  serum  daily  to  the  ordi- 
nary serum,  which  is  thus  prevented  from  putrefying.  In  one 
or  two  months  a  very  strongly  iodised  serum  is  obtained  which 
is  available  to  iodise  fresh  serum. 

Amniotic  fluid  is  not  easily  obtainable  in  this  country.  We 
have  used  in  its  stead  iodised  vitreous  humour  with  excellent 
results.  The  vitreous  humour  of  four  or  six  ox  eyes  is  collected 
in  a  small  vessel  and  thoroughly  broken  down  by  forceps  and 
scissors.  It  is  then  poured  into  a  wide  bottle  and  a  httle 
iodine  added  to  it.  If  shaken  once  or  twice  during  the  first 
few  days  the  iodine  soon  begins  to  darken  the  fluid,  and  the 
solution  once  begun  goes  on  rapidly,  so  that  after  a  time  the 
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Vitreous  humour  becomes  strongly  iodised.  This  strongly 
iodised  serum  is  filtered  and  may  then  be  used  to  iodise  to  a 
sliditer  degree  vitreous  humour  from  fresh  eyes.  It  is  con- 
venient to  have  samples  strongly  and  weakly  iodised  _ 

A  small  portion  of  fresh  tissue  is  placed  in  a  weakly  iodised 
serum  until  sufficiently  macerated  to  be  teased  out  fresh 
serum  being  added  as  the  liquor  becomes  colourless  by  the 
absorption  of  the  iodine.    This  is  repeated  until  the  fluid  re- 

mains  brown.  .  m  ■  l.^ 

Osmic  acid  not  only  stains  but  hardens  tissues  sufficiently 
for  section-cutting,  and  when  necessary  it  is  possible  to  dis- 
pense with  the  subsequent  action  of  alcohol.  The  slun  and 
cornea  can  also  be  cut  directly  after  the  reduction  of  chloride 
of  gold  in  acidulated  water. 

The  most  commonly  used  staining  agents  are  carmme,  hte- 
matoxylin,  and  the  picrocarminate  of  ammonia,  which  com- 
bines the  action  of  pikric  acid  and  carmine.  For  some  purposes 
the  aniline  dyes  possess  special  advantages,  and  are  being  more 
and  more  used. 

The  carmine  of  commerce  varies,  and  good  carmine  is  not 
easily  obtained.    The  best  is  to  be  had  in  Paris.    It  is  inso- 
luble in  water  until  ammonia  has  been  added.    As  ammonia 
acts  destructively  on  the  tissues,  it  is  allowed  to'  evaporate 
before  the  solution  is  ready  for  use.    A  number  of  formute^ 
are  given.    The  following  is  from  Frey  :  Several  grains  of 
carmine  are  added  to  about  an  ounce  of  water  contaimng  a 
few  drops  of  ammonia.    Part  of  the  carmine  dissolves.  The 
mixture  is  filtered  and  the  carmine  in  solution  passes  through. 
If  it  still  smells  of  ammonia  the  bottle  should  be  left  unstop- 
pered  for  12  to  24  hours.    The  carmine  which  remains  undis- 
solved on  the  filter  can  be  used  further. 

Eanvier  gives  the  following  proportions  :  Distilled  water, 
100  ;  ammonia,  1 ;  carmine,  1.  Eub  the  carmine  with  a  little 
water,  pour  on  the  ammonia,  and  then  add  the  water.  Drive 
oif  the  excess  of  ammonia  by  a  water  bath  until  the  carmine 
begins  to  deposit. 
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Carmine  solutions  like  the  above  do  not  keep  well. 

By  the  addition  of  glycerine  and  alcohol  the  solution  can  be 
kept  indefinitely,  but  the  presence  of  these  ingredients  should 
not  be  forgotten.  In  some  special  instances  they  have  advan- 
tages, but  for  many  purposes  the  simple  ammoniacal  solution  is 
preferable. 

To  avoid  the  efi"ects  of  ammonia  on  the  tissues  Schweigger- 
Seidel  introduced  an  acid  carmine.  He  neutralised  the  am- 
monia with  acetic  acid  and  filtered  the  solution.  Preparations 
stained  in  this  solution  are  afterwards  placed  for  a  short  period 
in  i  per  cent,  hydrochloric  acid.  The  effect  of  acids  is  to  re- 
move all  diffuse  colouring  and  to  bring  the  nuclei  into  especial 
prominence. 

Carmine  preparations,  when  not  preserved  in  Canada  balsam 
or  dammar,  should  be  mounted  in  glycerine  faintly  acidulated 
with  acetic  acid.  Eanvier  recommends  as  preferable  one  part 
of  formic  acid  in  100  parts  of  glycerine.  (Carmine  was  first 
used  by  Gerlach.) 

The  picrocarminate  of  ammonia  (Eanvier)  acts  neither  as 
acid  nor  alkali.  It  is  prepared  by  adding  a  solution  of  carmine 
in  ammonia  to  a  saturated  solution  of  picric  acid.  When  by 
evaporation  over  a  water  bath  the  fluid  has  been  reduced  to  a 
fifth  of  its  previous  volume  it  is  allowed  to  cool  and  filtered. 
As  the  filtered  fluid  evaporates  the  soHd  picrocarminate  is 
obtained.  It  should  dissolve  completely  in  distilled  water. 
M.  Eanvier  recommends  a  1  per  cent  solution. 

Hsematoxylin  solution  (Brehmer)  is  thus  prepared  :  Dissolve 
20  grains  of  hEematoxylin  in  |  an  ounce  of  absolute  alcohol, 
and  2  grains  of  alum  in  1  ounce  of  water.  Some  drops  of  the 
first  solution  are  added  to  the  second,  which  in  a  short  while 
becomes  a  beautiful  violet.  It  improves  after  being  kept  a 
few  days,  and  should  be  filtered  before  use.  It  should  always 
be  prepared  some  days  before  being  required,  and  should  be 
exposed  to  the  action  of  sun  light. 

The  same  effect  is  obtained  by  using  a  solution  of  logwood. 
Several  formulse,  not  varying  much  from  each  other,  have  been 
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.iven  for  the  preparation  of  tins  dye.    They  are  all  good  pro- 
vided the  extr'act^f  logwood  used  is  good.    And  Ins  .s  prac 
ti.nllv  1  difficulty.    The  extracium  hcmatoxyh  sold  by  many 
d^ig'i s  s  dot  no!  yield  the  dye  required  for  histological  pur- 
oses°    We  have  been  informed  by  competent  anttiority  tha 
when  this  is  the  case  the  fault  is  in  the  preparation  of  the 

'In  tfaiilt  of  a  good  extract  Bc^hmer's  solution  of  h«>ma- 
toxylin  will  be  found  equally  useful.  It  has  the  advantage  of 
being  certain,  and  is  easily  prepared.* 

Logwood  solution  maybe  prepared  by  rubbing  to  powder 
in  a  mortar  10  grammes  each  of  extract  of  logwood  and  a  urn 
and  then  adding  gradually  100  CO  of  water,  stirring  whilst 
the  water  is  being  added.  After  some  hours  the  hquor  is 
filtered  into  a  stoppered  bottle,  and  is  exposed  to  sunlight,  it 
.ood  it  should  stain  almost  at  once,  but  it  improves  after 
several  days.  A  few  drops  of  this  strong  solution  can  be  added 
to  a  watch-glassful  of  water  when  required,  the  diluted  fluid 
being  then  passed  through  filter-paper.  It  is  also  useful  or 
colouring  glycerine,  a  few  drops  sufficing  for  a  considerable 
quantity  of  glycerine. 

We  have  recommended  a  combination  of  the  use  of  logwood 
and  acetic  acid,  which  has  often  given  us  excellent  results. 
A  portion  of  tissue  is  rapidly  stained  through  and  through 
with  a  concentrated  solution.  It  is  then  mounted  m  glycerme, 
and  diluted  acetic  acid  is  drawn  under  the  cover-glass  with 
blotting-paper.  The  tissue  rapidly  bleaches,  but  the  nuclei  do 
not  become  bleached  so  rapidly  as  the  other  elements.  As 
soon  as  they  become  visible  the  acetic  acid  is  replaced  as 
quickly  as  possible  by  glycerine  or  water  in  order  to  arrest 
the  decoloration.  The  number  of  nuclei  stained  in  this  way 
sometimes   exceeds  that  seen  by  any  other  process  known 


to  us. 


•  Mr  Martindale,  chemist,  New  Cavendish  Street,  London,  be- 
stows especial  care  on  the  preparation  of  logwood  and  picrocarmi- 
nate  solutions. 
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Foster  and  Balfour  give  the  following  as  Kleinenburg's  alco- 
holic solution  of  hsematoxylin  :  (1.)  Make  a  saturated  solution 
of  crystallised  calcium  chloride  in  70  per  cent,  alcohol,  and 
add  alum  to  saturation.  (2.)  Make  also  a  saturated  solution 
of  alum  in  70  per  cent,  alcohol.  Add  (1)  to  (2)  in  the  propor- 
tion of  1  to  8.  To  the  mixture  add  a  few  drops  of  a  saturated 
solution  of  htematoxylin  in  absolute  alcohol.  Tissues  can  be 
hardened  and  stained  at  once  by  this  solution.  Sections 
stained  in  it  do  not  require  to  be  brought  in  contact  with 
water. 

Q,uinoleine  blue  is  dissolved  in  rectified  spirit,  and  an  equal 
part  of  water  is  afterwards  added.  It  is  a  powerful  dye,  and 
is  greatly  diluted  for  use.  The  staining  has  a  distinctive  shade 
in  different  elements  of  the  tissues.  It  has  an  especial  affinity 
for  fat,  which  it  stains  a  deep  blue.  The  effect  is  not  perma- 
nent. (Ranvier.) 

Molybdate  of  ammonia,  recommended  by  Krause,  and,  as 
appears  from  his  Avork  on  "  General  Anatomy,"  frequently  and 
successfully  employed  by  him,  is  used  in  5  per  cent,  solution. 
It  stains  blue.  The  colour  is  deepened  by  subsequent  macera- 
tion in  gallic  or  pryogallic  acid. 

Of  the  aniline  colours  there  are  used  : 

Aniline  blue,  soluble  in  alcohol  and  insoluble  in  water,  and 
aniline  blue,  soluble  in  water. 

Magenta  (known  also  as  roseine,  and  in  a  somewhat  modi- 
fied state  as  fuchsine)  is  the  acetate  of  rosaniline.  It  is 
soluble  in  water  and  more  so  with  the  addition  of  a  little 
alcohol. 

A  dye  sold  in  England  as  aniline  red,  of  which  we  have  not 
been  able  to  find  the  exact  composition,  sparingly  soluble  in 
water,  but  freely  Avheu  a  little  alcohol  is  added,  we  have  found 
very  useful  in  staining  tissues  which  had  been  previously 
treated  by  osmic  acid. 

Eosiu,  first  proposed  by  Fischer  in  1875  (Schultze's 
"  Archiv.,"  vol.  xii.),  is  a  valuable  dye.  It  dissolves  both  in 
water  and  alcohol,  a  few  drops  of  a  solution  of  1  in  10  to  20 
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Of  water  being  added  to  a  watch-glassful  of  the  wa  er  or 
alcohol  as  required.  It  stains  epithelium  a  dark  red,  the 
axis  cylinder  of  nerves,  but  not  the  medulla,  colours  also  the 
areolar  tissue,  the  nuclei  of  ganglion  cells  and  their  processes, 
the  latter  feebly.  The  amyloid  substance  in  that  form  of  de- 
feneration stains  bright  red.  Fresh  tissues  placed  m  an  alco- 
holic solution  are  hardened  and  stained  simultaneously.  _ 

Dr  Wissozky  of  Kasan  (Schultze's  "Archiv.,"  vol.  xui.) 
states  that  it  is  specially  valuable  for  the  recognition  of  blood 
corpuscles.  It  stains  the  haemoglobin.  He  recommends  a  so- 
lution of  eosin,  1 ;  alum,  1  ;  alcohol,  200. 

The  violet  of  methylaniline,  lately  recommended  by  M. 
Cornil,  is  decomposed  into  two  colours  in  certain  tissues,  each 
of  the  colours  having  a  special  election  for  different  elements. 
We  translate  the  following  remarks  regardmg  it  from  the 
"  Compte  rendu  des  Seances  de  la  Soci6t6  de  Biologic,"  Pans, 
1875,  p.  200.  "M.  Cornil  had  employed,  as  a  colouring  matter, 
in  microscopic  preparations,;two  kinds  of  violet  of  methylaniline ; 
one,  violet  of  methylaniline  pure,  the  other  called  violet  of 
Paris,  also  obtained  in  crystals  and  somewhat  bluer  than  the 
former.    The  latter  bears  the  trade  mark  350  N. ;  and  gives 
the  best  preparations.    Both  of  them  come  from  the  manu- 
factory of  M.  Poirier.    A  watery  solution,  considerably  di- 
luted, is  placed  in  contact  with  the  objects  that  are  to  be  ex- 
amined, whether  teased  out  by  needles  or  cut  in  thin  sectio^s. 
It  is  better  to  employ  a  weak  than  a  strong  solution,  as  the 
imbibition  is  then  more  regular.    It  is  necessary,  therefore,  to 
employ  a  rather  large  quantity  of  this  filtered  solution.  After 
four  or  five  minutes  the  staining  is  as  deep  as  possible.  Pre- 
parations either  hardened  in  pure  alcohol,  or  by  Miiller's  fluid, 
gum  and  alcohol,  are  easily  stained  after  thin  sections  have 
been  placed  for  some  minutes  in  water.    The  stained  sections 
are  preserved  in  water,  or  in  water  to  which  glycerine  has  been 
added.    If  the  glycerine  is  acid,  or  if  a  very  small  proportion 
of  acetic  acid  is  added  to  it,  part  of  the  colouring  matter  is 
dissolved,  and  the  glycerine  surrounding  the  preparation  is 
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coloured  a  very  faint  violet.  But  the  nuclei  of  cells  are  then 
seen  all  the  better.  Alcohol,  the  essences  of  turpentine  and 
cloves,  dissipate  the  violet  and  make  the  elements  colourless. 

"  The  interest  and  utility  of  the  employment  of  this  colouring 
substance  consist  in  this,  that  in  impregnating  certain  tissues 
it  is  decomposed  into  two  colours,  one  a  red  violet,  the  other  a 
blue  violet,  which  act,  each  of  them,  with  great  precision  on 
different  elements  of  the  tissue.  This  perfectly  constant  elec- 
tion of  the  red  for  certain  elements,  of  the  blue  for  others, 
renders  this  substance  precious  for  histological  analysis.  The 
dissociation  of  these  two  colours  of  the  violet  of  methylaniline 
had  been  tried  by  chemical  means  by  M.  Lauth,  without  suc- 
cess. 

"  It  is  effected,  however,  at  once  by  tissues  affected  by  amyloid 
degeneration  and  by  cartilage.  The  red-violet  fixes  itself  on 
colloid  points  of  gelatinous  appearance,  and  the  blue-violet  on 
fibres  and  cells." 

M.  Cornil  has  shown  that  the  use  of  this  dye  surpasses  all 
methods  hitherto  known  for  the  recognition  of  elements  affected 
by  amyloid  degeneration  ;  those  which  are  thus  altered  staining 
red-violet,  whilst  the  surrounding  unaffected  elements  are 
coloured  blue-violet. 

Purpurine,  a  dye  extracted  from  madder,  has  been  lately  re- 
commended by  Eanvier,  and  we  can  bear  testimony  to  its  value. 
It  is  prepared  for  use  thus :  "  A  solution  of  1  part  alum  in 
200  distilled  water  is  brought  to  the  boiling  point  in  a  porce- 
lain capsule,  and  a  small  quantity  of  solid  purpurine  rubbed  up 
in  a  little  distilled  water  is  added  to  it.  The  purpurine  is  dis- 
solved in  a  few  minutes.  There  should  remain  a  small  quantity 
of  purpurine  undissolved,  which  indicates  that  the  solution  is 
concentrated.  It  is  filtered  whilst  still  hot  into  rectified  spirit. 
The  alcohol  should  constitute  a  fourth  part  of  the  total  volume 
of  the  mixture.  The  fluid  thus  obtained  is  of  a  beautiful  orange 
red  in  transmitted  light ;  it  is  fluorescent.  At  the  end  of  a 
month  there  is  a  slight  precipitate.  It  can  still  be  used  after 
this  has  formed,  but  it  has  lost  somewhat  of  its  colouring 
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power  It  is  better  then  to  use  a  freshly  prepared  solution." 
For  information  regarding  its  effects  on  various  tissues  the 
reader  is  referred  to  M.  Ranvier's  memoir  in  the  "  Archives  de 
Physiolo<>ie"  for  1874.  Purpurine  must  not  be  confounded  with 
a  simple%xtract  of  madder.  We  can  unfortunately  give  no 
information  regarding  its  mode  of  preparation.  A  substance 
lately  sold  as  purpurine  in  England  yielded  no  results  like  those 
described  by  Eanvier.  The  sample  we  have  used  was  brought 
from  Paris,  and  we  have  been  able  to  satisfy  ourselves  of  its 
value  in  preparations  of  the  omentum,  cornea,  and  retina  more 
especially.  In  using  it  the  effect  of  the  proportion  of  alum  and 
alcohol  the  solution  contains  must  be  kept  in  mind.  Tissues 
are  allowed  to  remain  in  it  24  to  48  hours. 

There  is  no  doubt  that  before  long  genuine  purpurine  will  be 
available  for  English  histologists. 

Aniline  blue-black,  recommended  by  Mr.  Sankey  for  staining 
the  nerve-cells  of  the  brain  and  spinal  cord,  is  prepared  by  dis- 
solving 5  centigr.  of  the  dye  in  2  GO.  water  and  adding  it  to 
99  CO.  methylated  spirit.  Filter. 

Of  these  various  dyes  carmine,  and  still  more  haematoxyhn, 
stain  nuclei  more  especially.  The  aniline  dyes  may  be  said  in 
a  general  way  to  stain  all  the  elements,  although  as  the  nucleated 
part  of  the  cell  is  thicker  than  the  other  parts,  it  appears  more 
deeply  stained.  A  double  staining,  as  for  example  by  aniline 
and  hajmatoxylin,  is  thus  sometimes  useful.  Purpurine,'though 
not  a  powerful  dye,  has  a  peculiar  affinity  for  nuclei,  and  for 
some  purposes  cannot  at  present  be  replaced  by  any  other  known 
to  us. 

The  following  metallic  solutions  are  indispensable:  A  J 
per  cent,  solution  of  nitrate  of  silver ;  a  ^  per  cent,  solution 
of  chloride  of  gold.  The  gold  chloride  is  sold  in  glass  tubes 
which  contain  1  gramme.  For  some  special  purposes  a  1 J  per 
cent,  solution  has  been  lately  recommended.  These  solutions 
can  be  diluted  at  will.  One  per  cent,  solution  of  osmic  acid.  A 
solution  of  this  strength  is  sold,  and  when  there  is  not  much 
used  it  is  convenient  to  buy  it  thus  ready  prepared.    The  acid 
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is  sold  in  tubes  containing  one  gramme.  Although  a  1  per 
cent,  solution,  and  even  a  2  per  cent,  solution  are  sometimes 
used,  it  will  be  found  that  for  most  purposes  a  ^  per  cent,  solu- 
tion is  sufficiently  strong.  Sometimes  weak  solutions  such  as 
Joth  per  cent,  are  employed.  For  general  purposes  i  per  cent, 
and  -^^th  per  cent,  solutions  may  be  kept  ready  for  use. 

All  these  solutions  of  osmic  acid  must  be  kept  in  well- 
stoppered  bottles,  which  should  be  covered  with  thick  non- 
transparent  paper  or  fitted  into  leathern  cases.  When  they 
are  used  care  should  be  taken  not  to  expose  the  contents  to 
light.  They  are  exceedingly  liable  to  be  altered  by  its  action, 
but  if  sufficient  precautions  are  taken  they  may  be  kept  un- 
changed for  many  months. 

The  double  salt,  the  chloride  of  gold  and  potassium,  is  re- 
commended by  G-erlach  in  very  weak  solution  for  the  demon- 
stration of  nerve-fibrillte. 

Injection  masses.  The  mass  now  commonly  used  is  a  mix- 
ture of  soluble  Prussian  blue  and  gelatine.  Prussian  blue  was 
first  proposed  for  this  purpose  by  Briicke.  The  following 
formula  for  preparing  it  is  taken  from  Exner's  book  :  ^ 

"  A.  Dissolve  217  grammes  of  potassic  ferrocyanide  in  a 
litre  of  water. 

"B.  Take  a  litre  of  10  per  cent,  solution  of  ferric  chloride. 

"Add  to  each  of  these  solutions  two  litres  of  a  saturated 
solution  of  sulphate  of  soda.  Then  add  the  ferric  chloride 
solution  to  the  ferrocyanide,  stirring  the  while.  The  precipitate 
is  filtered  through  new  flannel  and  the  first  washings  returned. 
This  is  repeated  for  several  days  until  the  solution  passed 
through  a  filter  is  of  a  deep  blue  colour.  It  is  then  soluble. 
The  mass  is  now  pressed,  broken  into  small  pieces,  and  dried 
in  the  air.  An  aqueous  solution  of  this  mass  can  be  injected 
cold,  or  it  can  be  warmed  to  the  temperature  of  the  body." 

Soluble  Berlin  blue  can  be  purchased. 

A  saturated  solution  kept  ready  for  use  is  convenient.  Wlien 
employed  for  injections  it  is  usually  mixed  with  a  solution  of 
gelatine,  prepared  thus  :  The  gelatine,  which  must  be  of  the 
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best  quality,  is  soaked  for  an  hour  in  water.  The  water  wliicli 
is  not  absorbed  is  then  poured  off  and  the  geLatinc  melted  over 
a  water-bath.  The  solution  of  Prussian  blue  being  heated  to 
the  same  temperature,  the  solution  of  gelatine  is  added  to  it 
gradually,  the  mixture  being  stirred.  It  is  filtered  (still  hot) 
through  new  flannel,  and  then  kept  at  a  temperature  of  40°  C. 
until  it  is  injected. 

A  carmine  mass  is  prepared  with  gelatine  and  an  ammonia- 
cal  solution  of  carmine.  It  is  essential  that  the  carmine  be 
neutralised,  as  if  alkaline  it  becomes  diffused  through  the 
tissues,  and  if  acid  the  carmine  is  deposited.  An  ordinary 
ammoniacal  carmine  solution  is  prepared  and  filtered.  Warm 
it  and  add  to  it  |ths  of  the  warm  solution  of  gelatine,  prepared 
as  directed  for  the  Prussian  blue  mass,  constantly  stirring. 
Add  acetic  acid  to  the  remaining  fifth  of  the  gelatme  solution, 
and  then  add  this  acid  mixture  drop  by  drop  to  the  carmi- 
nised  solution,  until  the  ammonia  is  completely  neutralised. 
This  is  "the  delicate  point  of  the  operation.  As  the  odour  of 
ammonia  becomes  faint  the  acid  gelatine  must  be  added  very 
cautiously,  and  as  soon  as  it  cannot  be  perceived  no  more  acid 
is  added.  Assistance  is  also  afforded  by  the  colour.  As  long 
as  there  is  any  free  ammonia  the  solution  is  of  a  cherry-red 
colour,  but  as  soon  as  it  is  all  neutralised  the  colour  changes 
to  a  fiery  red.  If  the  solution  when  prepared  shows  a  granular 
deposit  under  the  microscope,  too  much  acid  has  been  added, 
and  the  mass  is  useless. 

On  account  of  the  uncertain  strength  of  solutions  of  am- 
monia it  is  impossible  to  give  formulae  for  the  exact  propor- 
tions for  a  carmine  mass.  As  approximative  quantities  may 
be  given  :  1  dram  of  carmine ;  1  dram  liq.  ammon.  (-880) ; 
i  dram  of  acetic  acid  concent,  (of  commerce) ;  5  ounces  gela- 
tine solution  ;  but  in  no  case  should  any  standard  be  trusted 
other  than  those  of  colour  and  smell.  The  quality  of  the 
gelatine,  its  careful  purification  by  being  passed  through  new 
flannel,  the  maintenance  of  the  solutions  and  of  the  animal  at 
a  temperature  of  40°  C,  and  the  exact  neutralisation  of  the 

2 


18 


mAOTICAL  HISTOLOGY. 


ammonia,  are  the  requisite  conditions  for  a  successful  injec- 
tion. 

A  2  per  cent,  solution  of  Berlin  blue  is  sometimes  used  for 
injecting  bloodvessels,  but  it  does  not  give  so  good  results  as 
tlie  gelatine  mixture.  It  is  suitable  for  injecting  tlie  lym- 
phatics by  puncture. 

A  solution  of  alcannin  in  turpentine  is  recommended  by 
Ludwig  for  injecting  lymphatics. 

Injections  are  made  either  by  means  of  a  syringe  or  by  a 
special  apparatus.  For  most  purposes  a  .syringe  answers  per- 
fectly well,  especially  for  bloodvessels  and  lymphatics,  and 
practically  it  is  the  syringe  that  is  generally  used  by  the  most 
successful  injectors. 

Syringes,  specially  made  for  injections,  are  sold  by  the  in- 
strument-makers. They  are  provided  with  several  cannulas 
of  various  calibre,  and  a  separate  piece  containing  a  stop-cock 
to  connect  the  cannula  and  the  syringe. 

In  selecting  a  fine  cannula  it  is  well  to  choose  one  with  an 
oblique  opening  and  a  "collar"  immediately  behind  it  by 
which  the  Hgature  can  be  easily  fixed.  This  "  collar  "  is  more 
convenient  than  the  grooves  which  are  often  filed  on  the  end 
of  the  instrument. 

Glass  cannulas  can  be  easily  extemporised  for  injection  with 

metallic  solutions. 

The  insertion  of  the  cannula  into  a  small  vessel  is  often  a 
matter  of  considerable  difiiculty. 

It  is  convenient  to  stretch  the  vessel  by  a  ligature  which  is 
attached  to  it  as  soon  as  it  has  been  laid  bare.  It  is  then 
easier  to  cut  a  small  piece  out  of  the  wall  of  the  vessel  with 
sharp  scissors.  This  opening  is  slightly  extended  and  the 
cannula  inserted.  It  is  then  firmly  fixed  near  its  pomt  with 
a  ligature,  which  is  further  fastened  tightly  at  the  wider  end. 
Before  the  stop-cock  piece  is  fitted  into  the  cannula  the  latter 
is  filled  with  salt  solution  drop  by  drop  in  order  to  expel  the 
air  which  it  contains.  If  the  air  is  not  all  expelled  it  is  driven 
onwards  with  the  injection  mass  and  produces  a  bad  result. 
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The  Stop-cock  piece  is  then  fitted  into  the  cannuLa  and  filled 
with  injection  mass  in  the  same  way.  The  synnge  charged 
^ith  the  mass  is  next  inserted  into  it,  and  the  injection  is  pro- 
ceeded with  The  object  of  first  filling  the  cannula  with  salt 
solution  is  also  to  prevent  its  being  obstructed  by  a  mixture 
of  blood  and  injection  mass. 

Small  animals  can  be  most  easily  injected  from  the  aorta 
The  creature  is  killed  by  chloroform,  and  immediately  placed 
in  water  at  38°  to  40°  0.  The  thorax  is  laid  open,  the  cannula 
inserted  in  the  aorta,  and  an  opening  made  in  the  right  ven- 
tricle    The  mass  is  driven  on  slowly  and  steadily,  i^irst 
blood  and  then  the  fluid  which  is  being  injected  passes  out  ot 
the  ri-ht  ventricle.    As  soon  as  the  injection  mass  passes  un- 
mixed°with  blood  the  opening  in  the  right  ventricle  is  secured, 
and  any  cut  vessel  from  which  the  fluid  is  escaping  secured  by 
clips    The  pressure  is  then  kept  up  until  the  distended  eye- 
ball and  the  colouration  of  the  tongue  or  nose  and  hps  shows 
that  the  injection  has  penetrated  sufliciently.    The  stop-cock 
is  then  turned  on  to  prevent  regurgitation  of  the  fluid,  the 
svrin-e  removed,  the  cannula  of  course  retained,  and  the 
animal  put  at  once  in  equal  parts  of  alcohol  and  water,  and 
allowed  to  remain  in  it  for  some  hours,  so  that  the  gelatine 
may  become  solid.    If  a  carmine  mass  has  been  used  alcohol 
and  water  is  the  only  fluid  suitable  for  hardemng,  and  a  lew 
drops  of  acetic  acid  should  be  added  to  prevent  the  cai;mme 
becoming  diffused  when  in  contact  with  the  tissues.    If  Prus- 
sian blue  has  been  injected,  either  alcohol,  Miiller's  fluid,  or 

picric  acid  may  be  used. 

If  an  organ  instead  of  the  entire  animal  is  to  be  injected, 
the  same  principles  of  operating  must  be  adhered  to. 

The  art  of  injecting  can  only  be  acquired  by  practice.  The 
chief  points  to  be  borne  in  mind  are  the  temperature  of  the 
mass  and  the  animal,  the  purity  of  the  former,  and  the  exclu- 
sion of  air  in  beginning  to  push  the  injection.  Any  granular 
precipitate  in  the  mass  must  be  specially  guarded  against.  ^ 

In  order  to  obtain  a  constant  and  known  pressure,  various 
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forms  of  apparatus  have  been  invented;  the  principle  on 
which  they  are  constructed  being  mostly  the  same  in  all  of  them. 
The  mass  to  be  injected  is  placed  in  a  bottle  fitted  with  an  air- 
tight caoutchouc  stopper.  The  stopper  is  pierced  by  two  glass 
tubes,  one  reaching  nearly  to  the  bottom  at  one  end,  and  being 
bent  and  connected  with  a  caoutchouc  tube  armed  with  a 
cannula  at  the  other.  The  other  tube  does  not  extend  far  into 
the  bottle,  and  is  connected  by  means  of  a  caoutchouc  tube 
with  another  bottle  which  contains  air.  The  air  in  this  second 
bottle  can  be  compressed  in  various  ways,  the  amount  of  com- 
pression regulating  the  force  with  which  the  injection  fluid  is 
driven  from  the  first  bottle. 

One  of  the  simplest  of  these  apparatus  is  described  and 
figured  by  Eanvier  ("  Traite  technique,"  p.  128).  It  consists  of 
a  straight  support  on  which  two  vessels  connected  by  an  india- 
rubber  tube  are  fitted.  One  of  these  contains  a  quantity  of 
mercury,  and  when  it  is  raised  above  the  other,  the  mercury 
seeks  to  pass  into  the  lower  vessel,  which  is  connected  with  the 
injecting  bottle;  the  air  in  the  second  vessel  being  compressed 
in  proportion  to  the  height  of  the  first,  the  pressure  can  be 
easily  regulated.  The  support  is  graduated,  and  the  pressure 
is  indicated  by  the  number  of  centimeters  the  one  vessel  is 
higher  than  the  other. 

It  is  necessary  to  take  care  before  injecting  that  there  is 
no  air  in  the  tube  between  the  injection-bottle  and  the  can- 
nula. Both  this  bottle  and  the  animal  are  placed  in  warm 
water. 

An  equal  pressure  can  be  obtained  by  a  very  simple  arrange- 
ment. 

A  vessel  containing  the  injection  mass  is  provided  near  its 
lower  end  with  a  tube  of  some  length,  to  which  a  cannula  is 
fitted.  The  fluid  is  allowed  to  completely  fill  the  tube,  which 
is  then  closed  by  a  clip.  The  cannula  being  secured  in  the 
vessel  the  clip  is  removed  and  the  contents  are  driven  forwards 
by  the  simple  weight  of  the  fluid  in  the  vessel,  the  pressure 
being  determined  by  the  height  at  which  it  is  placed. 
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Of  the  various  apparatus  used  in  special  kinds  of  microscopic  work 
we  may  mention  the  dissecting  microscopes  of  the  diiferent 
makers.  In  teasing  out  and  isolating  elements  preparatory  to  an 
examination  by  a  higher  power,  these  instruments  are  very  usetul. 
An  ordinary  lens  wiU  be  foimd  better  than  the  naked  eye,  and  may 
be  suspended  over  the  object  by  any  convenient  and  smple  method. 

Tlie  moist  chamber  of  EeckHnghausen  is  formed  by  hxmg  a 
o-lass  rin<^  on  a  slide.  The  object  is  placed  inside  this  ring,  and  a 
cover-gL-Tss  is  put  over  it.  A  thin  caoutchouc  tube  is  fastened 
round  the  ring  below,  and  the  objective  or  tube  of  the  microscope 
above  Some  pieces  of  wet  blotting-paper  are  placed  mside  the 
chamber  thus  formed.  Schultze's  improvement  consists  m  substi- 
tuting a  glass  cylinder  for  the  caoutchouc,  the  upper  part  fittmg  the 
tube°of  the  microscope,  and  evaporation  prevented  by  msertmg  a 
piece  of  leather  between  the  two. 

A  simpler  method  stiU  of  protecting  a  preparation  from  evapora- 
tion consists  in  modelling  a  ring  on  the  slide  with  wax.  Some  pieces 
of  wet  filter-paper  are  placed  within  it  close  to  the  wax.  Ihe 
object  is  placed  on  a  cover-glass  which  is  then  laid  on  the  wax  cell, 
the  object  being  on  the  under  surface. 

By  perforating  a  ring  in  two  opposite  places  and  fitting  the  apertures 
with  tubes,  a  current  of  gas  may  be  passed  over  the  preparation. 

There  are  several  forms  of  warm  stage  in  use.  Only  those  possess 
much  value  by  which  the  object  under  examination  can  be  kept  for 
a  considerable  time  at  the  same  temperature.  This  is  best  eflfected 
by  placing  the  object  over  a  box,  perforated  in  the  centre  to  admit 
light  from  the  reflector.  The  box  is  by  a  special  arrangement  kept 
fuU  of  hot  water,  the  temperature  being  registered  by  a  thermo- 

Strieker  and  Sanderson's  apparatus,  in  the  form  in  which  it  is  now 
made  and  sold  by  Mr.  Hawksley,  Oxford  Street,  London,  fulfils 
these  conditions  well,  and  can  also  be  used  as  a  gas-chamber.  The 
forms  described  by  Mr.  Schajfer  ("  Coiu-se  of  Practical  Histology," 
p.  22),  sold  by  Casella,  Holborn  Bars,  and  by  M.  Eanvier  ("  Traitfe 
technique  d'Histologie,"  p.  41),  sold  by  Verick  of  Paris,  are  also  well 
adapted  for  the  same  purpose. 

Examination  of  tissues  by  polarised  light  is  effected  by  a 
polarising  apparatus.  This  consists  of  two  Nicol's  prisms,  one, 
the  polariser,  being  placed  between  the  mirror  and  the  object ; 
the  other,  the  analyser,  being  placed  above  the  ocular.  When 
the  analyser  is  turned  so  that  its  plane  of  polarisation  is  at 
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right  angles  to  that  of  the  polariser,  the  field  is  dark  ;  but  when 
they  are  parallel  the  light  passes  through  the  analyser.  If  now, 
when  with  crossed  Nicols  and  a  dark  field  an  object  that  re- 
fracts light  doubly  is  placed  under  the  microscope,  it  appears 
luminous.  This  property  of  refracting  light  doubly  is  possessed 
by  several  tissues,  and  has  been  much  used  in  the  study  of  bone 

and  muscle,  .      i  4.  xi  • 

It  would  appear  from  studies  made  by  Eanvier  that  this 
property  of  double  refraction  possessed  by  tissues  does  not  in- 
dicate more  than  some  unknown  modification  of  their  molecular 
arrangement.  He  cites  hyaline  cartilage  in  support  of  the  view 
that  it  depends  on  the  condensation  of  the  constituent  mole- 
cules of  the  tissue,  the  same  element  refracting  singly  in  one 
stage  of  development  and  doubly  at  another. 

Preparations  obtained  by  teasing  out  portions  of  tissue  with 
needles  may  be  successively  washed  with  water,  stamed,  agam 
washed,  and  finally  preserved  in  glycerine  without  moving 
them  from  their  position  on  the  slide,  the  fluids  being  removed 
successively  by  means  of  filter-paper.  Or  if  a  cover-glass  has 
been  Dut  on,  one  fluid  may  be  made  to  give  way  to  the  other 
by  placing  at  the  edge  of  the  cover-glass  a  drop  of  the  fluid 
which  is  to  be  substituted,  and  a  piece  of  bibulous  paper  at  the 
opposite  edge.  The  same  process  may  be  used  for  sections. 
These  are  however  usuaUy  treated  in  a  different  way. 

Sections  of  hardened  soft  tissues,  or  of  cartilage  in  its  natural 
condition,  or  of  softened  bone  are  thus  made.  A  portion  of  the 
tissue  is  held  between  the  thumb  and  forefinger  of  the  lett 
hand,  and  is  kept  moist  by  spirit.  With  the  razor  or  knife 
wetted  with  spirit  an  even  surface  is  made  with  a  rapid  stroke. 
Thin  sections  are  then  made  by  drawing  the  knife  slowly  from 
heel  to  point,  the  instrument  being  supported  and  guided  on 
the  forefinger  of  the  left  hand.  A  vessel  contaimng  alcohol  is 
prepared,  and  the  knife  is  frequently  moistened  in  it  in  order  to 
keei  a  supply  of  fluid  on  the  lioUow  surface  of  the  blade.  The 
sections,  when  very  thin  and  delicate,  are  floated  from  the 
knife  to  a  watch-glass  or  slide  as  the  subsequent  manipulations 
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n.ay  render  convenient.    When  the  consistence  of  the  ssue 
pel  ts  they  can  be  removed  from  the  kmfe  -^h  a  ne  dle^ 
^  With  practice  it  is  possible  to  obtain  sections  by  this  simple 
method,  which  cannot  be  surpassed. 

To  he  able  to  cut  good  sections  with  a  free  hand  is  ot  great 
inip  i^ant  in  histological  work,  but  requires  considerable 
Zt        The  beginner  cannot  do  better  than  continue  to  cu 
ttns  of  intestiL,  liver,  or  skin,  hardened  by  being  placed 
LTdly  or  two  in  *  per  cent  solution  of  chromic  acid  and 
Ile'ltly  for  24 1^  I  hours  in  alcohol,  until  he  becomes  an 

'Tis  often  impossible  to  hold  small  portions  of  tissue  or 
minute  organs  in  the  hand  without  injuring  them.  They  are 
then  embedded  in  a  substance  which  is  fluid  at  a  comparatively 
low  temperature  and  solid  at  ordinary  temperatures. 

r  r  this  purpose  a  paper  mould  or  trough  is  P-P-ed  je 
what  similar  to  the  souffl6cups  andramequm  cases  ^upi^-^  by 
stationers  to  pastry-cooks.    It  can  hardly  require  much  inge- 
nuity to  construct  such  a  mould  with  a  piece  of  stiff  paper 
How  it  can  be  done  will  be  at  once  seen  by  talcing  a  piece  o 
ordinary  writing-paper  4  inches  by  3  inches.    Make  two  a^^^^^^^ 
folds,  an  inch  broad  each,  bringing  one  fold  over  the  other,  and 
then  fold  each  end  |  inch.    Unfold  the  paper,  and  bring  up  the 
Mes  and  end  parts'at  right  angles  to  the  centre.    To  comp  ete 
the  mould  it  is  necessary  to  make  further  diagonal  fo  ding  t 
the  corners  or  to  use  scissors  and  gum.    A  smaU  capsule  of  thin 
sheet-lead  may  be  made  once  for  all.         ,  _ 

An  embedding  mass  is  made  by  melting  pieces  of  white  wax 
with  olive  oil  in  a  porcelain  capsule.  •  ... 

When  the  part  which  is  in  contact  with  the  capsule  begins 
to  solidify  the  mass  is  ready  for  use,  and  should  be  poured 

into  the  trough.  .-, 
Amass  that  is  too  hard  should  be  remelted  and  ohve  oU 

added  ;  if  too  soft,  wax  should  be  added.    It  is  convement  to 

have  a  harder  mass  in  summer  than  in  winter. 

The  tissue  to  be  cut  must  be  embedded  in  such  a  position 
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that  sections  made  at  right  angles  to  tlie  long  axis  of  the 
trough  will  be  in  the  direction  required.  There  are  two  ways 
of  fixing  it  in  the  mass.  The  trough  is  placed  on  a  piece  of 
cork  or  soft  wood.  The  object  is  placed  on  bibulous  paper 
until  nearly  but  not  quite  dry,'  and  transfixed  with  a  needle 
or  pin,  which  is  then  pushed  through  the  trough  at  one 
end  into  the  cork.  This  done,  the  melted  mass  is  slowly 
poured  into  the  trough  at  the  other  end.  The  object  must  be 
so  fixed  that  it  shall  be  completely  covered.  When  the  wax 
is  sufficiently  hard  the  needle  is  loosened  by  a  gentle  rotatory 
motion  and  withdrawn.  The  exact  position  of  the  object  may 
be  indicated  by  a  line  drawn  on  the  surface  of  the  mass  whilst 
it  is  semi-solid.  This  is  often  necessary  where,  in  order  to 
obtain  sections  in  various  directions,  several  portions  are  em- 
bedded in  diflferent  positions  in  one  trough. 

If  it  is  advisable  to  avoid  injuring  delicate  tissues  by  push- 
ing a  needle  through  them,  the  following  method  is  used  :  Fill 
the  trough  half  full  with  melted  mass.  When  this  is  nearly 
firm  place  the  object  on  it,  and  when  it  has  become  adherent 
to  the  surface  add  slowly  more  melted  mass  until  the  em- 
bedding is  complete.  In  this  case  the  position  of  the  object 
must  be  at  once  noted,  as  there  is  no  needle-mark  to  fix  it. 

When  the  sections  are  cut  the  mass  is  first  sliced  off  with  an 
ordinary  scalpel  until  the  object  is  nearly  laid  bare,  and  the 
section-knife  moistened  with  alcohol  is  then  used.  The  sur- 
face of  the  object  must  not  be  allowed  to  dry,  and  if  the 
operation  of  cutting  is  intermitted  the  mass  can  be  inserted 
into  a  vessel  containing  alcohol. 

Paraffin,  either  pure  or  with  a  small  proportion  of  lard,  is 
also  used  as  an  embedding  mass. 

Transparent  soap  without  glycerine  has  been  introduced  by 
Memming^  as  an  embedding  mass,  when  it  is  desirable  that  the 
object  shall  remain  visible.  The  soap  is  dissolved  in  waim 
alcohol.  Lavdovsky  recommends  that  the  sections  should  be 
made  as  soon  as  the  mass  has  cooled. 

In  Eanvier's  laboratory  tissues  are  often  embedded  in  elder- 
^  "  Archiv.  f.  Mik.  Anat.,"  vol.  ix.  1873,  p.  121. 
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pith.  The  object,  wheu  slender,  is  placed  in  a  hole  which  is 
slightly  larger  than  itself,  and  the  pith  with  its  contents  put 
in  water  or  other  fluid  according  to  circumstances.  The  swell- 
ing which  it  undergoes  firmly  fixes  the  portion  of  tissue.  Or, 
when  the  action  of  alcohol  is  not  injurious,  the  object  is 
gummed  on  one  surface  and  applied  to  the  elder-pith.  The 
whole  being  then  placed  in  strong  alcohol,  the  gum  soUdifies, 
and  sections  through  the  pith  and  tissue  can  be  made. 

When  it  is  desirable  to  have  very  large  or  a 
number  of  consecutive  sections,  a  microtome  is 
used.  Ranvier's  microtome  is  shown  in  fig.  2. 
A  ckcular  piece  of  cork  is  inserted  into  the 
tube,  which  it  should  accurately  fit,  and  the 
object  is  embedded  in  the  usual  way,  paraffin 
being  in  this  case  preferable.  By  slight  turns 
of  the  screw  the  mass  with  its  object  is  brought 
to  the  level  of  the  platform,  and  sections  cut 
in  the  usual  way. 

Mr.  StirUng's  microtome  is  larger,  and  is 
fastened  to  a  table  by  a  screw. 

Dr.  Eutherford's  freezing  microtome  has  a  metal  trough 
which  surrounds  the  cylinder,  and  contains  a  freezing  mixture 
of  equal  parts  of  snow  or  pounded  ice  and  salt.  The  tube  is 
filled  with  thick  solution  of  gum,  and  the  tissue  held  in  it  until 
it  becomes  fixed. 

The  gum  is  dissolved  out  of  sections  of  hardened  tissue  by 
diluted  alcohol,  and  of  fresh  tissue  by  salt  solution. 

Tissues  which  have  been  hardened  in  alcohol  are  not  fitted 
for  this  process  until  they  have  been  first  immersed  in  water. 

It  is  always  of  advantage  to  allow  the  tissue  to  soak  in  gum 
before  freezing  it. 

Another  method  of  freezing  is  to  wrap  a  piece  of  paper 
round  one  part  of  the  portion  of  tissue,  and  then  place  it  in  a 
platinum  capsule,  surrounded  by  pounded  ice  and  salt.  The 
knife  is  cooled  by  being  laid  on  the  same  mixture.  When  the 
tissue  is  hard  it  is  taken  out  with  forceps  and  the  paper- 


Fig.  2.  Ran- 
vier's Micro- 
tome. 
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covered  end  held  in  the  left  hand.    Sections  are  rapidly  made, 
and  as  soon  as  the  tissue  thaws  it  is  put  back  again  to  freeze. 

The  simplest  method  yet  devised  seems  to  be  that  recom- 
mended by  Dr.  Urban  Pritchard. 

A  solid  cylinder  of  copper  with  flat  ends,  If  inch  wide 
and  3  inches  long,  is  cooled  in  the  freezing  mixture.  It^  is 
then  wiped  quite  dry  with  a  cloth  and  enveloped  with  thick 
flannel,  one  end  being  left  exposed.  A  drop  of  gum  is  placed 
on  this  end,  and  the  tissue  to  be  cut  placed  on  the  gum.  They 
are  both  speedily  frozen,  and  sections  are  made  with  a  dry 
knife  cooled  in  the  mixture. 

Sections  from  frozen  fresh  tissues  are  examined  in  serum  or 
salt  solution.  They  can  also  be  stained  by  gold  and  silver 
solutions. 

Sections  of  tissues  which  have  been  hardened  in  chromic 
acid  and  alcohol  are  usually  "mounted"  or  preserved  in 
glycerine,  or  Canada  balsam,  or  dammar  varnish.  If  they  are 
to  be  mounted  in  glycerine,  they  are  first  placed  in  water  for 
five  or  ten  minutes,  and  then  transferred  to  a  drop  of  glycerine 
placed  on  the  centre  of  a  slide.  If  they  are  to  be  stained, 
they  are  transferred  from  water  to  the  staining  fluid  until  suf- 
ficiently coloured,  when  they  are  again  placed  in  water  for  a 
few  minutes  before  being  mounted.  They  may  be  stained  by 
being  placed  either  for  a  short  period  in  a  strong  solution  or 
for  a  longer  period  in  a  weak  solution,  the  choice  of  the 
method  depending  on  the  tissue  and  other  conditions.  ^  The 
process  of  the  staining  can  be  accurately  followed  by  placing  a 
section  from  time  to  time  in  water  in  a  watch-glass,  and  ex- 
amining it  with  a  low  power. 

Chromic  acid  sections  stain  better  if  they  are  allowed  to 
macerate  in  distilled  water  until  their  paler  colour  shows  that 
they  have  parted  with  some  of  the  acid.  The  fluid  m  which 
a  tissue  has  been  hardened  has  an  important  effect  on  the 
readiness  with  which  staining  is  effected  by  different  dyes. 

In  mounting  in  glycerine  air-bubbles  should  be  avoided  as 
much  as  possible.    If  small  or  few  in  number  they  do  not 
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spoil  the  preparation,  but  they  produce  a  disagreeable  im- 
pression of  slovenliness.    By  a  little  care  a  preparation  need 
never  L  disfigured  by  an  air-bubble.     The  foUowxng  pre- 
"Itions  are  electual.    The  small  bottle  from  wh.ch  the  drop 
or^j  cerine  is  taken  should  not  be  filled  more  tl-- tl^-e  part 
it  to  begin  with,  and  the  glycerine,  instead  of  being  allowed 
to  fall  into  it,  should  be  made  to  flow  slowly  down  the  side 
Be  ore  being  used  any  air-bubbles  which  have  been  produced 
fntlhnt  tife  bottle  should  have  disappeared.    The  glass  rod 
should  never  be  plunged  quickly  into  the  glycerine,  but  dipped 
into  it  gently,  and  withdrawn  in  the  same  way.    It  is  then 
held  obliquely  over  the  slide,  and  the  point  brought  almost  or 
quite  in  contact  with  its  surface.    The  drop  must  never  faU 
from  the  rod  to  the  shde,  but  be  allowed  gradually  to  flow 
from  the  one  to  the  other.    AVhen  the  drop  is  sufficiently 
lar.e  the  rod  is  slowly  withdrawn.    The  preparation  is  placed 
in  the  same  gentle  manner,  edgeways  if  possible,  m  the  glyce- 
rine   If  it  remains  on  the  surface  of  the  drop  it  must  be 
carefully  depressed  with  a  needle.    SimUar  precautions  should 
be  taken  with  the  cover-glass.    It  must  never  be  allowed  to 
fall  on  the  glycerine.   Supported  by  one  edge  on  the  s  ide  and 
the  other  on  a  blade  of  the  forceps,  it  is  brought  slowly  down 

to  the  fluid.  ^  .    ,        ,  •.  i. 

The  glycerine  should  usually  be  just  in  sufficient  quantity  to 
extend  on  all  sides  to  the  edge  of  the  cover-glass.  _  If  it  is  m 
excess  some  of  it  should  be  removed  by  a  small  piece  of  filter- 
paper    The  glycerine  which  is  left  by  the  paper  bemg  care- 
fully and  efficiently  wiped  off,  the  preparation  can  be  made 
permanent.   This  is  done  by  fixing  some  cement  on  the  margin 
of  the  cover-glass.    Various  substances  are  used  for  this  pur- 
pose.   Dammar  varnish  soon  dries  and  answers  the  purpose 
effectually,  if  the  preparation  is  not  much  disturbed.   We  have 
found  Brunswick  black  more  reliable,  and  recommend  it  for 
the  purpose.    It  is  sufficiently  fluid  to  flow  freely  from  a  small 
glass  rod,  and  rapidly  dries. 

It  is  sometimes  desirable  to  inclose  a  portion  of  tissue  ot 
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some  thickness,  so  that  there  is  a  surface  of  glycerine  exposed 
between  the  cover-glass  and  slide.  If  Brunswick  black  is  used 
rapidly  and  freely,  such  preparations  can  be  easily  preserved. 
If  it  has  become  thick  from  keeping,  a  little  turpentine  should 
be  added. 

Sealin2;-wax  softened  in  alcohol  can  also  be  used. 

When  a  section  is  to  be  preserved  in  Dammar  varnish,  or 
Canada  balsam,  it  is  treated  as  follows.  If  previously  hardened 
in  alcohol  it  can  be  placed  again  in  alcohol  for  a  few  minutes 
as  soon  as  it  is  cut.  If  it  is  to  be  stained  it  is  placed  first  in 
water,  then  in  the  staining  fluid,  again  in  water  (unless  it  is 
stained  in  an  alcoholic  solution  of  the  dye,  in  which  case  it 
does  not  require  to  be  put  in  water),  and  then  for  ten  minutes 
in  ordinary,  or  better,  absolute  alcohol.  This  is  done  because 
it  is  necessary  to  free  it  from  water.  From  the  alcohol  it  is 
transferred  to  oil  of  cloves  or  turpentine  (the  excess  of  alcohol 
on  the  preparation  being  first  allowed  to  evaporate).  Oil  of 
cloves  is  the  more  pleasant  to  work  with  of  the  two,  and  is 
generally  used.  In  a  few  minutes  the  preparation  becomes 
transparent,  and  is  then  placed  on  a  slide  in  a  drop  of  dammar. 
A  cover-glass  is  put  on,  and  the  preparation  is  permanent. 

In  most  instances  glycerine  is  preferable  to  dammar,  espe- 
cially for  the  cellular  elements.  But  there  are  occasions  in 
which  it  is  advisable  not  to  bring  the  hardened  tissues  in  con- 
tact with  water,  and  for  these  dammar  is  available.  Dammar 
is  also  well  suited  for  preparations  in  which  the  nerves  are 
stained  by  gold  or  osmic  acid. 

Canada  balsam  is  prepared  for  use  by  dissolving  it  in  chloro- 
form. 

Dammar  varnish  is  thus  prepared  :  One  part  of  gum 
dammar  is  dissolved  in  two  parts  of  oil  of  turpentine,  and  one 
part  of  gum  mastic  in  two  parts  of  chloroform.  Mix  the 
solutions,  and  filter. 

Osmic  acid  preparations  may  be  preserved  in  a  nearly  satu- 
rated solution  of  acetate  of  potash,  as  well  as  in  glycerine. 
The  glycerine  used  for  preparations  which  have  been  stained 
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in  carmine  should  contain  one  per  cent,  formic  acid,  or  be 
slightly  acidified  by  acetic  acid. 

Fresh  tissues  can  be  preserved  for  a  time  in  glycerine,  and 
by  the  addition  of  colouring  fluids  to  it  they  can  also  be  stained 
in  it.  This  method  is  adopted  when  it  is  necessary  to  avoid 
the  action  of  water.  As  pure  glycerine  shrinks  fresh  tissues 
by  withdrawing  water  from  them,  it  is  advisable  to  place  them 
first  for  some  hours  in  a  mixture  of  equal  parts  of  glycerine 
and  distilled  water. 

Sections  of  some  fibrous  tissues  when  placed  in  oil  of  cloves 
or  turpentine,  curl  and  become  so  brittle,  that  it  is  impossible 
to  spread  them  out  flat  on  the  slide.  This  is  avoided  by  placing 
the  section  on  the  slide  direct  from  the  alcohol,  and  as  soon  as  it 
is  nearly,  but  not  quite  dry,  putting  a  cover-glass  over  it.  The 
oil  of  cloves  is  allowed  to  pass  in  between  the  glasses,  the  weight 
of  the  thin  cover  being  sufficient  to  keep  the  section  flat. 

Thick  sections  which  have  been  made  transparent  in  oil  of 
cloves  do  not  keep  well  in  dammar,  as  they  lose  their  trans- 
parency after  a  time.  Exner  recommends  that  they  should  be 
put  up  in  a  mixture  of  one  part  oil  of  cloves  and  two  or  three 
parts  mastic. 

BLOOD. 

The  drop  examined  should  be  so  small  that  it  barely  suffices 
to  fiU  the  space  between  the  object  and  cover-glass. 

The  nuclei  of  the  red  corpuscles  of  the  frog  can  be  stained 
by  dyes  like  the  nuclei  of  other  cells.  It  has  been  pointed 
out  by  Eanvier  that  when  frog's  blood  has  been  treated  by 
diluted  alcohol  and  stained  by  anUine,  a  substance  on  the 
surface  of  the  corpuscle  is  especially  coloured. 

The  hsemoglobin  of  the  corpuscle  of  the  frog  may  separate 
from  the  other  parts  of  the  blood-cell,  and  assume  special  forms 
within  it.  This  can  be  observed  by  sealing  blood  serum  con- 
taining a  few  corpuscles  on  a  slide  with  Brunswick  black,  and 
examining  the  preparation  daily.  The  changes  take  j)lace 
after  an  interval  of  several  days. 
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To  observe  the  form  of  the  red  corpuscles  of  the  frog  press 
gently  on  the  cover-glass  with  a  needle.  Some  of  them  roU 
over  under  the  pressure.  In  the  centre  of  the  discs  which  are 
seen  edgeways  the  nucleus  can  be  seen  projecting  on  either  side. 
The  projection  of  the  nucleus  masks  the  form  of  the  corpuscle, 
which  is  otherwise  that  of  a  bi-concave  disc. 

Observations  on  red  corpuscles  which  are  passing  through 
the  walls  of  capillary  vessels  in  inflamed  transparent  tissues, 
show  that  they  possess  a  small  degree  of  elasticity.  A  corpuscle 
is  sometimes  torn  in  two  by  the  force  of  the  blood-current 
when  one  part  of  it  is  fixed  in  the  wall.  The  separated  por- 
tions assume  a  globular  shape. 

To  observe  mammaUan  blood  prick  the  finger  with  a  needle 
and  examine  a  small  drop.    The  red  discs  run  together  m  the 
form  of  piles.  Separate  them  by  pressure  and  they  run  together 
ac^ain  in  a  new  series.    It  is  thus  seen  that  they  are  not  agglu- 
tinated   Examine  defibrinated  blood.     The  piles  are  seen  m 
it  also  which  shows  that  their  formation  is  independent  of  the 
fibrine'    In  a  short  time  after  the  preparation  has  been  made 
many  of  the  corpuscles  are  seen  to  assume  a  spiked  or  crenated 
form     This  is  caused  by  concentration  of  the  serum.  Make 
them  roll  over  by  pressure  on  the  cover-glass,  and  it  is  seen 
that  they  are  bi-concave  discs.    As  the  microscope  is  focused 
the  centre  of  the  flat  disc  appears  dark  when  it  comes  first  in 
view    By  depressing  the  focus  further  it  becomes  clear,  ihe 
cause  of  this  is  to  be  found  in  their  shape.    Place  a  drop  of 
^ater  at  the  edge  of  the  cover-glass  so  that  it  can  mix  with 
the  blood     The  corpuscles  become  colourless  and  spherical. 

The  changes  produced  by  contact  with  acids  and  alkalies, 
ether,  bile,  and  solutions  of  urea  may  be  observed  by  a  similar 

^'contact  with  reagents  may  be  hastened  by  placing  a  strip  of 
filter-paper  at  the  side  opposite  to  that  at  which  the  drop  of 
fluid  has  been  placed.  The  abstraction  of  fluid  by  the  paper  is 
Quickly  replaced  from  the  drop. 

Delicate  filaments  of  fibrine  may  be  observed  with  a  high 
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power  in  human  blood.  Minute  particles,  single  or  sometimes 
ac^^lutinated,  showing  molecular  movements  can  also  be 
observed  under  favourable  circumstances.  They  are  seen  m 
great  numbers  in  the  blood  of  cachectic  persons,  and  have  m 
such  conditions  been  mistaken  for  bacteria.  Their  nature  is 
not  known. 

The  red  corpuscles  of  mammalia  (man,  rabbit,  gumea-pig)  are 
stained  by  eosin  a  special  rose-orange  colour.  In  vertebrata 
which  have  nucleated  blood  corpuscles  (hen,  frog)  eosin  stains 
only  the  plasma  of  the  corpuscles,  the  nucleus  remaining 
colourless  (Wizzozky). 

In  a  drop  of  blood,  in  addition  to  the  great  number  of  red 
corpuscles,  several  colourless  corpuscles  can  be  detected  if 
carefully  sought  for.    To  examine  these  bodies  satisfactorily  it 
is  convenient  to  take  a  drop  of  lymph  from  one  of  the  lymph- 
sacs  which  are  found  under  the  skin  of  the  frog.  Or  let  a  drop 
of  frog's-blood  coagulate  on  the  under  surface  of  a  cover-glass, 
evaporation  being  prevented  in  the  following  manner  :  Fasten 
a  glass  ring  on  an  ordinary  sHde.    Moisten  the  inner  surface  of 
the  ring  and  place  a  narrow  strip  of  wet  blotting-paper  inside 
(the  simple  moist  chamber).    Then  lay  the  cover-glass  on  the 
rins;,  with  the  drop  of  blood  on  its  under  surface.    As  the 
coagulum  forms  colourless  corpuscles  are  seen  in  the  serum  on 
its  edge.    Observe  them  closely  and  it  can  be  observed  that 
they  change  their  form  slowly.     It  is  also  seen  that  the 
corpuscles  in  lymph  and  the  colourless  corpuscles  in  blood  are 
identical  ia  appearance.    (It  is  admitted  that  they  are  the 
same  structures.)    The  movements  referred  to  are  the  so-called 
amseboid  movements.    They  can  be  seen  for  a  short  time  in  a 
drop  of  blood  freshly  drawn  from  a  vein.    They  are  more 
A   active  when  examined  on  a  warm  stage  at  the  temperature  of 
36°  to  38°  C. 

At  a  temperature  over  50°  C.  for  mammalia,  and  40°  0.  for  the 
frog,  they  die  and  assume  a  round  form.  A  large  number  have 
a  single  round  nucleus,  but  it  generally  falls  into  several  pieces 
by  the  use  of  reagents. 
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The  colourless  corpuscles  have  the  power  of  taking  minute 
insoluble  particles  into  their  interior.  Cohnheim  found  that 
when  insoluble  aniline  blue  iu  a  state  of  fine  division  is  injected 
into  the  lymph-sac  of  the  frog,  it  is  seen  after  a  time  in  the 
corpuscles  present  in  the  interstices  of  the  tissues  of  distant 


organs 


The  addition  of  solution  of  iodine  demonstrates  the  existence 
of  glycogen  in  some  colourless  corpuscles  by  staining  it  a 
mahogany  brown. 

The  nuclei  stain  in  logwood  and  may  also  be  readily  seen  by 
the  addition  of  water.  Examine  dead  cells  and  observe  that  they 
have  become  more  granular.  (At  the  same  time  a  drop  of  pus 
maybe  examined,  when  it  will  be  found  to  contain  a  large 
number  of  round  granular  cells  which  are  indistinguishable 

from  dead  lymph  cells).  w^w  f 

To  see  crystals  of  hemoglobin  place  a  drop  of  blood  (that  of 
the  guinea-pig  is  said  to  answer  best)  on  a  slide,  and  let  it 
evaporate  until  it  is  nearly  dry.  Then  add  a  drop  of  water  to 
the  blood,  place  a  cover-glass  over  it,  and  let  it  dry  slowly. 
As  it  becomes  dry  the  crystals  appear.^ 

To  see  hsemin  crystals  let  a  drop  of  blood  dry  on  a  slide. 
Add  a  very  little  finely-powdered  common  salt,  and  then 
moisten  the  whole  with  one  or  two  drops  of  glacial  acetic 
acid  Cover  immediately  with  a  cover-glass  in  order  to  keep 
the  acetic  acid  together.  Place  a  hair  between  the  glasses 
to  gain  space  for  the  acid.  The  slide  is  heated  over  a 
spirit-lamp  so  quickly  that  the  acetic  acid  begins  to  form 
bubbles  before  it  has  had  time  to  evaporate.  (The  breaking  of 
the  glass  is  to  be  guarded  against.)  The  preparation  is  then 
ready  for  examination.  Most  crystals  are  found  at  the  edge  of 
the  cover-glass  or  near  the  hair. 

M  Malassez  has  invented  an  apparatus  for  counting  tne 
corpuscles  in  a  given  quantity  of  blood.^  It  consists  of  two 
instruments,  one  for  dduting  the  blood  to  a  known  degree,  and 

1  See  fiurther  "Archives  de  Physiologie,"  1874,  p.  32,  or  "Traite 
technique  d'Histologie"  (Eanvier)  p.  204. 
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another  for  counting  the  number  of  corpuscles  in  a  known 
quantity  of  the  dihited  blood.  The  first  is  a  capillary  tube 
endino-  in  a  bulb.  Numeral  figures  are  engraved  at  either  ex- 
tremity of  the  bulb.  The  blood  enters  the  tube  by  capillary 
attraction  or  is  drawn  into  it  by  aspiration  to  the  figure  1.  An 
artificial  serum  is  then  immediately  drawn  after  it  to  the  figure 
101  ;  and  by  a  combined  rotatory  and  up-and-down  motion  of 
the  tube,  and  the  consequent  movements  of  a  small  glass  ball 
in  the  bulb,  the  blood  is  ^thoroughly  mixed  and  dUuted  100 
times. 

The  other  instrument  is  for  counting  the  corpuscles.  A 
capUlary  tube  is  fixed  on  an  ordinary  glass  slide.  On  this  slide 
have  been  scratched  figures  indicating  the  fraction  of  a  milli- 
meter cube,  which  is  represented  by  a  given  length  of  the  tube 
in  micro-millimeters,  the  lengths  chosen  being  usually  GOO, 
500,  450,  400  micro-millimeters,  the  fraction  calculated  for 
three  or  more  of  these  lengths  being  usually  marked. 

In  order  to  count  the  corpuscles  in  this  tube  a  certain 
arrangement  of  the  microscope  is  necessary.  A  micrometer 
eye-piece,  marked  in  squares,  is  used;  and  an  objective  is 
selected  of  such  a  power  that  the  micrometer  eye-piece  covers 
on  a  stage  micrometer  one  of  the  lengths  in  micro-millimeters 
marked  on  the  slide  with  the  capillary  tube.  The  tube  of  the 
microscope  is  dra^vu  out  until  the  length  of  the  micrometer 
square  coincides  with  the  lines  on  the  stage  micrometer,  and  a 
mark  is  made  on  the  tube  to  indicate  the  exact  point  to  which 
it  has  been  drawn  and  the  number  of  micro-millimeters  mea- 
sured. 

This  done  the  corpuscles  can  be  counted.  A  drop  is  blown 
out  of  the  mixing  instrument  by  a  caoutchouc  tube  attached  to 
its  other  end,  and,  being  necessarily  almost  pure  serum,  is 
rejected.  Part  of  a  subsequent  drop  is  allowed  to  enter  the 
counting  tube  by  capillary  attraction,  the  fluid  at  its  end  being 
gently  moved  until  the  tube  is  filled  in  order  that  the  blood 
may  remain  thoroughly  mixed.  This  done,  the  blood  external 
to  the  capillary  tube  is  carefully  removed  by  blotting-paper, 
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and  the  tube  of  the  microscope  being  drawn  to  the  point  pre- 
viously marked  on  it,  the  corpuscles  within  the  limits  of  the 
sqi;are  in  the  micrometer  are  counted,  the  process  being  much 
facilitated  by  the  smaller  squares  into  which  the  micrometer  is 
divided.  The  number  being  ascertained,  it  is  multiplied  first 
by  the  number  on  the  slide  opposite  to  the  number  of  mikro- 
millimeters  in  the  length  of  the  capillary  tube  which  have  been 
counted.  This  gives  the  number  of  corpuscles  in  a  cubic  milli- 
meter of  the  diluted  blood.  The  product  is  again  multiplied 
by  100  to  rectify  the  dilution,  and  the  product  is  the  number 
of  corpuscles  in  the  blood  in  its  natural  condition. 

It  wUl  be  seen  that  it  is  necessary  to  use  always  the  same 
microscope  and  the  same  objective.  A  magnifying  power  of 
about  100  diameters  or  slightly  more  is  convenient. 

The  artificial  serum  recommended  by  M.  Malassez  is  com- 
posed thus : 

Solution  of  gum  arable  giving,  by  an  urinometer,  sp.  gr. 
1-020—1  volume. 

Solution  of  equal  parts  of  sulphate  of  soda  and  chloride  of 
sodium,  also  having  sp.  gr.  1*020 — 3  volumes. 

With  this  serum  it  is  necessary  to  operate  quickly,  so  that 
the  blood  may  be  thoroughly  mixed  with  it  before  the  cor- 
puscles have  run  into  rouleaux. 

Mr.  Schiifer  has  suggested  ten  per  cent,  solution  of  sulphate 
of  soda  as  an  artificial  serum,  and  this  fluid  has  the  advantage 
that  it  completely  prevents  the  corpuscles  adhering  to  each 
other.  It  has  the  disadvantage  that  they  continue  to  move 
slightly  for  some  time,  and  that  they  rapidly  accumulate  in  the 
centre  of  the  tube,  both  of  those  disadvantages  being  obviated 
by  the  gum  in  the  former  mixture.  For  those  who  have  not 
acquired  dexterity  in  operating,  we  recommend  the  sulphate  of 
soda  solution. 

There  are  sources  of  error  in  the  method  that  it  is  impossible 
to  completely  avoid,  but  in  the  hands  of  the  same  operator  the 
same  instrument  gives  fairly  uniform  results,  and  valuable  com- 
parative data  can  be  obtained  by  it. 
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The  aA'erage  number  of  corpuscles  in  human  healthy  blood  is 
five  millions  per  cubic  milhmeter.  In  cachectic  conditions  it 
descends  as  low  as  two  millions.^ 

Squamous  epithelium  can  be  conveniently  observed  in  situ 
by  examining  the  anterior  surface  of  the  cornea  of  a  frog  fresh 
or  in  J  per  cent,  solution  of  common  salt.  In  order  to 
examine  thoroughly  the  individual  cells,  place  the  coi-nea  in 
solution  of  bichromate  of  potash  for  24  hours,  and  tease  out 
the  epithehum  with  needles.  They  may  be  isolated  also  after 
maceration  in  iodised  serum,  or  10  per  cent,  salt  solution,  and 
various  other  reagents. 

Maceration  for  24  hours  in  a  mixture  of  1  part  alcohol  in  2 
parts  water  has  been  lately  recommended  by  Eanvier,  and  we 
can  testify  to  its  great  value  for  the  isolation  of  the  various 
forms  of  epithelial  cells. 

Columnar  epithelium  can  be  examined  in  the  mucous  mem- 
brane of  the  small  intestine,  and  isolated  by  the  same  methods. 

The  free  surface  of  columnar  epithelium  cells  is  formed  by 
a  thickened  edge  or  border,  definitely  marked  off  from  the 
rest  of  the  cell.  In  sections  or  in  isolated  patches  of  columnar 
epithelium,  smaller,  more  rounded,  and  more  or  less  granular 
cells  are  observed  between  the  individual  cells  at  their  base 
and  in  contact  with  the  basement  membrane.  The  forms  of 
these  cells  support  the  hypothesis  that  they  are  destined  to 
replace  the  epithelium  which  is  cast  oS',  and  it  is  worthy  of 
note  that  the  new  cells  are  never  found  within  the  old  ones, 
nor  partially  attached  to  them.  The  fully  developed  cells  are 
never  found  dividing  into  two  cells.  The  younger  cells  then 
are  not  formed  from  the  previously-existing  developed  cells. 

Ciliated  epithelium  can  be  detached  from  the  pharynx  of 
the  frog,  and  examined  in  aqueous  humour.  The  ciliary 
motion  is  then  seen. 

For  a  more  special  study  of  ciliary  motion  the  gill  of  the 
common  salt-water  mussel  will  be  found  convenient,  a  small 

^  The  instruments  and  verre  quadrille  for  the  micrometer  eye- 
piece are  supphedbyM.  Verick,  2,  Eue  de  la  Parchemiuerie,  Paris. 

3—2 


3G  PRACTICAL  HISTOLOGY. 


portion  of  one  of  the  bars  being  dissected  out  in  a  drop  of  the 
sea- water  which  is  contained  in  the  shell.  The  effect  of  sHght 
increase  of  temperature  in  reviving  the  motion  can  be  observed 
on  the  hot  stage,  evaporation  being  prevented  by  placing  oil 
round  the  edge  of  the  cover-glass.  The  stimulant  action  of 
very  weak  solution  of  potash  can  be  observed  by  adding  it  in 
minute  quantities  at  the  edge  of  the  preparation.  The  effect 
of  carbonic  acid  gas  alternated  with  oxygen  can  be  observed 
in  a  simple  gas  chamber,  and  that  of  chloroform  vapour  by 
putting  a  drop  of  chloroform  in  a  simple  cell  adapted  to  a 
slide  by  a  glass  ring  or  Avax,  and  inverting  over  it  a  cover- 
glass,  to  which  ciliated  epithelium  in  an  active  condition  is 
adherent. 

The  discharge  from  the  nostrils  diu-ingthe  first  24  hours  of  a  nasal 
catarrh  contains  ciliated  epithelium  in  abundance,  and  if  a  drop  is 
IDlaced  under  the  microscope  the  movement  of  the  cilia  is  seen.  The 
cells  are  found  in  various  stages  of  development,  some  of  them  being 
spherical,  finely-granular  bodies,  with  only  a  few  cilia  on  one  point. 
These  are  probably  cells  in  an  early  stage  of  formation,  and  it  is 
important  to  note  that  they  are  not  found  inside  the  larger,  fully- 
developed  cells,  nor  are  the  latter  found  dividing  into  the  former. 
Their  appearance  in  this  discharge  does  not  therefore  justify  the 
assmnption  that  the  younger  ciUated  cells  are  produced  by  the  older 
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As  varieties  of  epithelium  that  of  the  bladder  and  gall- 
bladder may  be  isolated  and  studied,  after  24  hours'  maceration 
in  bichromate  of  potash  or  diluted  alcohol. 

The  isolation  of  epithelial  cells  is  effected  by  needles.  A 
drop  of  the  macerating  fluid  is  placed  on  a  slide,  and  a  small 
fragment  containing  the  epithelium  placed  in  it  is  teased  out 
into  smaller  and  smaller  portions  and  examined.  The  opera- 
tion is  much  facilitated  by  being  done  under  a  dissecting  lens. 

Compare  with  these  forms  of  epithelium  the  delicate  single 
layer  of  cells  on  the  surface  of  Descemet's  membrane.  These 
should  be  examined  fresh  in  aqueous  humour,  the  inner  sur- 
face of  the  cornea  being  turned  upwards.  By  endeavouring 
to  isolate  them  in  the  reagents  which  are  so  useful  m  demon- 
strating the  ceUs  of  the  epithelium  on  the  anterior  surface  of 
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the  cornea,  it  will  be  probably  seen  that  they  disappear  and 
become  destroyed  in  the  process.  Although  arranged  like 
ordinary  epithelium,  there  is  thus  a  difference  in  the  nature  ot 
the  cells,  undoubtedly  depending  on  the  fact  that  they  are 
developed  from  the  mesoblast  of  the  embryo. 

The  term  endothelium  has  been  lately  adopted  by  the  majority  of 
^^a■iters  to  designate  such  siugle  layers  of  cells,  and  the  word  has 
taken  root  in  histological  nomenclatm-e.  We  wiU  therefore  use  the 
term  in  this  work.  The  word  ejyithelioid-u^^^  by  some  wi'iters  to 
express  the  same  thmg-is  more  accurate  from  a  phUological  pomt 
of  view,  but  it  has  not  passed  into  general  use,  and  has  the  disad- 
vantage that  there  is  no  noun  connected  with  it. 

Endothelial  cells  are  usually  flattened,  delicate,  frequently 
somewhat  polygonal  bodies,  with  a  round  or  oval  nucleus,  and 
form  single  layers.  The  cells  being  usually  somewhat  rounded 
minute  angular  spaces  are  left  between  them,  and  as  these  spaces 
are  generally  filled  by  an  albuminous  substance,  they  are  indi- 
cated in  silver  preparations  by  a  black  deposit  of  albuminate 
of  silver.  They  are  then  described  as  the  so-called  "  stomata." 
These  are  always  seen  in  silver  preparations  of  serous  mem- 
branes, and  are  especially  marked  if  the  albuminous  sub- 
stance'has  not  been  previously  removed  in  part  by  irrigation 
with  water. 

The  layers  of  endotheHum  which  exist  in  the  substance  of  con- 
nective tissues  are  bound  together  by  fibres  which  pass  from  one 
layer  to  another  by  piercing  the  intercellular  spaces. 

The  study  of  connective  tissue  may  be  conveniently  begun 
by  examining  tendon.  By  holding  the  root  of  the  tail  of  a 
mouse  or  young  rat  firmly  between  the  thumb  and  forefinger 
of  the  left  hand  and  pulling  the  tip  with  the  right,  the  dislo- 
cated end  brings  away  with  it  a  number  of  fine  tendons.  The 
skin  of  the  mouse's  tail  gives  way  easily  where  it  is  fixed  by 
the  thumb-nail  of  the  right  hand.  In  the  rat's  tail  it  is  con- 
venient to  make  a  circular  incision  through  the  integument 
with  a  scalpel.  . 
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These  tendons  are  not  allowed  to  shrink,  hut  are  hrought 
immediately  over  a  slide  before  being  detached  from  the  stump 
of  the  tail.  They  are  fixed  to  the  glass  by  two  drops  of  melted 
sealing-wax,  the  space  between  the  drops  being  slightly  greater 
than  the  length  of  the  cover-glass.  The  tendons  are  then 
divided  outside  the  fixed  points,  one  or  two  drops  of  picrocar- 
minate  are  placed  over  the  central  part  of  the  tendons  and  a 
cover-glass  is  put  on.  After  half  an  hour  a  current  of  distilled 
water  is  drawn  between  the  glasses  by  placing  a  strip  of  filter 
paper  at  one  side  until  the  picrocarminate  is  removed .  Glycerine 
is  then  drawn  between  them  in  the  same  way  until  it  has  re- 
placed the  distilled  water.  The  glycerine  should  be  slightly 
acidified  by  acetic  acid  or  formic  acid  (one  part  formic  acid  in 
100  parts  glycerine).  This  is  the  method  originally  recom- 
mended by  Eanvier.  The  tendon  if  now  examined  is  seen  to 
be  composed  of  straight  parallel  bundles,  and  arranged  in  rows 
between  the  bundles  nucleated  cells  can  be  observed.  The 
large  rounded  or  slightly  oval  nuclei  are  very  distinct,  as  are 
also  those  borders  of  the  cells  which  are  transverse  to  the  long 
axis  of  the  tendon.  The  nuclei  are  not  in  the  centre  of  the 
cells,  but  are  so  arranged  that  contiguous  pairs  of  cells  have  the 
nuclei  near  each  other.  The  lateral  borders  of  the  cells  are  not 
usually  seen  in  these  preparations. 

These  cells  are  comparatively  easily  demonstrated,  as  com- 
pared with  other  cells  in  connective  tissue.  They  can  be 
observed  by  various  other  methods,  amongst  which  the  follow- 
ing may  be  recommended :  Prepare  logwood-glycerine  by  drop- 
ping logwood  solution  into  glycerine  drop  by  drop  until  the 
latter  has  acquired  a  very  decided  blue  colour.  Place  a  streak 
of  this  logwood-glycerine  lengthwise  on  a  slide,  and  having 
drawn  the  tendons  from  a  mouse's  tail  to  a  convenient  extent, 
without  extracting  them  entirely,  place  them  carefully  and  still 
extended  in  the  logwood-glycerine.  After  a  few  minutes,  when 
the  tendons  have  imbibed  sufficient  glycerine  to  prevent  their 
shrinking,  separate  them  at  both  ends  and  place  them  in  a 
watch-glass  partially  filled  with  similar  logwood-glycerine.  Let 
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them  remain  in  it  for  24  hours  or  longer.    Portions  cut  off 
with  sharp  scissors  are  then  placed  for  a  few  seconds  m  pure 
glycerine,  and  finally  examined  in  glycerine.    The  cells  and 
nuclei  are  visible.    The  transverse  borders  of  the  cells  are  again 
distinct,  but  the  lateral  borders  are  stiU  badly  dehned.    It  will 
now  be  seen,  if  the  preparation  is  a  successful  one,  that  the  rows 
of  cells  are  more  numerous  than  they  appeared  to  be  m  prepara- 
tions in  which  the  cells  are  stained  in  the  usual  way  by 
carmine.    The  rows  which  correspond  to  the  wider  spaces 
between  the  bundles  are  most  conspicuous,  but  if  there  has 
been  much  staining,  faintly  coloured  rows  can  be  detected 
between  these.    If  the  cells  are  further  examined,  they  are 
seen  to  be  marked  longitudinally  with  blue  striffi,  and  when 
such  a  stripe  is  in  a  line  with  the  nucleus  it  passes  through  it. 

The  best  marked  of  these  strise  correspond  to  ridges  in  the 
cells.    Eanvier,  who  has  pointed  this  out,  recommends  for  its 
demonstration  that  the  tendons  be  placed  in  one  per  cent, 
solution  of  osmic  acid  for  24  hours,  then  in  picrocarmmate  for 
24  hours,  and  examined  in  glycerine  containing  one  per  cent, 
formic  acid.    An  attempt  should  be  made  to  isolate  the  cells. 
Histologists  differ  as  to  whether  these  cells  completely  invest 
the  bundles,  or  whether  they  are"  inserted  amongst  them  m 
isolated  rows.    They  are  agreed  that  they  are  applied  to  the 
surface  of  the  bundles.     In  connection  with  this  question,^  m 
addition  to  the  logwood-glycerine,  we  recommend  the  following 
method  :  The  partly  extracted  fresh  tendons  are  laid  on  the 
slide  in  |-  per  cent,  solution  of  chloride  of  gold  for  a  minute. 
They  are"  then  separated  and  cut  into  small  pieces  on  the  surface 
of  the  glass  by  pressing  the  edge  of  a  scalpel  on  them.  These 
portions  are  "placed  in  a  fresh  drop  of  gold  solution,  and 
Brunswick  black  run  round  the  edge  of  the  cover-glass  seals 
the  fluid.    After  2  or  3  to  24  hours  they  should  be  carefully 
examined.    Although  there  is  no  staining  produced  in  the 
ordinary  sense  the  cells  are  fixed  and  are  visible.    Their  out- 
lines are  better  defined  than  by  previous  methods,  and  the 
number  visible  is  sometimes  surprising. 
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Successful  preparations  obtained  by  these  metliods  show,  as  we 
believe,  that  the  cells  are  not  in  isolated  rows,  but  that  the  bundles 
are  completely  invested  by  them.  The  apjaearauce  of  isolated  rows 
is  due  to  the  fact  that  by  the  usual  methods  only  those  cells  are 
stained  or  hardened  which  invest  that  surface  of  a  bundle  which  is 
free  towards  the  sjiaces  which  are  uatui'ally  jjroduced  by  the  juxta- 
position of  jjarallel  cylindrical  bodies. 

It  is  almost  impossible  to  isolate  these  cells  by  the  ordinaiy 
methods  of  teasing  out  by  needles.  The  structural  elements  which 
are  thus  usually  obtained,  and  which  have  been  confounded  with 
the  cells,  are  produced  thus.  Between  the  cells  and  the  bundles 
there  is  an  ajDparently  structureless  sheath,  and  between  this 
sheath  and  the  bundles,  or  in  the  sheath  itself  perhaps,  there  are 
elastic  fibres.  Further,  the  sheath  is  continuous  with  prolongations 
or  septa  which  pass  inwards  between  definite  subdivisions  of  the 
bundle.  The  cell  is  intimately  applied  to  the  surface  of  the  sheath, 
and  unless  loosened  from  it  by  chemical  agents,  cannot  be  separated 
from  it.  MoriDhologically,  however,  it  forms  no  part  of  it.  Again, 
the  elastic  fibres  are  so  intimately  adherent  to  the  sheath  that  they 
are  inseparable  from  it  by  merely  mechanical  means. 

Further,  there  is  in  or  on  the  surface  of  the  sheath  and  the  septa 
that  pass  from  it  a  substance  that  stains  by  carmine  and  logwood, 
and  by  which  chloride  of  gold  is  freelj'  reduced.  A  small  quantity 
of  the  same  substance  suiTounds  the  elastic  fibres  and  follows  them 
in  their  course. 

These  conditions  produce  appearances  that  are  very  misleading. 
Attempts  at  isolation  of  the  cells,  if  these  have  not  been  previously 
loosened  from  their  connection,  are  generally  answered  by  the  sejia- 
ration  of  a  part  of  the  cellular  membrane,  on  which  the  nucleus  of 
the  cell  and  more  or  less  of  the  cell  substance  are  visible,  and  with  it 
probably  some  elastic  fibres  enveloped  and  concealed  in  shreds  of 
membrane.  Hence  the  idea  of  a  cell  with  ii-regular  contoui-s  aiid 
fine  prolongations.  If  some  of  the  septa  are  removed  with  the  mem- 
brane the  appearance  is  still  more  complicated. 

There  is  a  substance  within  the  cell  which  stains  by  dyes  and 
reduces  gold  in  a  manner  similar  to  that  which  surromids  or  bathes 
the  elastic  fibres,  and,  as  the  latter  are  immediately  under  the  cells, 
we  have  an  appearance  of  cells  with  processes  again  simulated,  and 
this  all  the  more  as  the  fibres  themselves  are  very  rai-ely  -^dsible. 

The  appearances  seen  in  gold  and  logwood  prepai-ations,  which 
have  been  interpreted  as  cell  processes,  are  nothing  more  than  stained 
extra-cellular  amorphous  matter  which  surrounds  the  elastic  fibres. 


PRACTICAL  HISTOLOGY. 


41 


There  ai-e  thus  two  kinds  of  stria3  produced  in  tendon  by  dyes  and 
reagents.  One  is  nothing  more  than  ridges  in  the  cells  {cretes  dem- 
prdnte,  Eanvier),  the  other  ai-e  long  narrow  lines  of  stained  matter 
which  follow  the  course  of  the  elastic  fibres.  The  latter  are  seen  lu 
gold  preparations  of  tendon,  in  which  reduction  has  been  favoured 
by  an  unusually  strong  solution  of  acetic  acid. 

The  cells  successfully  isolated  by  Boll  and  Eanvier  have  no 
processes,  but  are  somewhat  oblong  bodies  with  regular  edges. 
Our  own  observations  are  in  accordance  with  the  results 
obtained  by  these  investigators. 

Place  a  small  fragment  of  tendon  in  1  per  cent,  solution  of 
osmic  acid,  or  in  a  saturated  solution  of  picric  acid  for  24 
hours,  and  then  tease  out  in  glycerine.  The  tendon  bundle  is 
seen  to  be  composed  of  a  great  number  of  extremely  fine 
cylindrical  threads.  This  may  be  demonstrated  in  another 
way.  Cut  out  the  part  of  the  tendo  AchilUs  of  the  frog  be- 
tween the  muscle  and  the  sesamoid  bone.  Split  it  longitudi- 
nally with  scissois  into  several  pieces,  and  seal  them  on  a  slide 
in  blood  serum  with  Brunswick  black.  Examine  in  2  to  3  days, 
and  the  delicate  cylindrical  threads  of  the  tendon  are  distinct. 

Place  a  portion  of  a  mouse's  tail  in  saturated  solution  of 
picric  acid  for  2  to  3  days.  Embed  and  make  transverse  sec- 
tions. Stain  them  in  picrocarmmate.  The  tendon  sections  are 
cut  up  by  stellate  fissures  and  finer  lines  which  connect  them. 
Nuclei  are  visible  in  the  spaces.  These  are  the  nuclei  of  the 
.  cells  seen  by  the  previous  methods,  and  the  part  of  tendinous 
substance  enclosed  by  the  spaces  corresponds  to  a  bundle. 
Around  the  surface  of  the  bundle  there  is  decided  carmine 
staining,  and  similar  stained  points  are  seen  within  the  bundle. 

The  former  appearance  is  supposed  by  some  histologists  to 
correspond  to  a  sheath,  and  the  points  to  fibres  that  take  their 
departure  from  it  and  penetrate  the  bundle  (Eanvier). 

Place  a  part  of  the  tendo  Achillis  of  the  frog  (between  the 
sesamoid  bone  and  the  muscle  for  example)  in  |  per  cent, 
gold  solution  for  20  to  30  minutes.  Then  expose  it  to  light 
in  distilled  water,  acidulated  slightly  by  acetic  acid  (1  to  2 
parts  in  100  water)  for  several  days  or  until  it  is  dark  in 
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colour.  Cut  it  into  two  portions.  Embed  them.  Cut  one 
into  transverse  sections  and  the  other  into  longitudinal  sections. 
In  the  longitudinal  sections  rows  of  the  large  flat  cells  are 
seen  characteristically  stained.  In  the  transverse  sections  the 
stellate  figures  are  well  marked,  being  indicated  by  a  dark 
finely- granular  substance.  The  contour  of  the  bundle  is  not 
always  definite,  and  within  the  bundle  a  number  of  dark  points 
are  visible.  These  dark  points  indicate  that  the  bundle  is  not 
a  solid  homogeneous  mass,  although  it  does  not  necessarily 
follow  that  the  points  are  cell-processes  as  has  been  supposed. 

The  matter  seen  between  the  bundles  in  transverse  sections  which 
stains  in  carmine  and  is  reduced  by  chloride  of  gold,  is  not  the  body 
of  the  Eanvier  tendon  cells.  It  is  probably  partly  due  to  a  substance 
contained  in  the  structureless  subcellular  sheath  ;  but  we  believe 
that  it  is,  if  not  entirely,  at  least  to  a  great  extent,  produced  by 
amorphous  matter  in  the  lymph  fluid  which  occupies  the  interstices 
of  the  bundles. 

Elastic  fibres  are  seen  in  tendon  after  prolonged  boiling. 

So  much  concerns  facts  regarding  tendon  which  are  not  particu- 
larly difficult  of  demonstration,  and  which  are  mentioned  more  or 
less  by  most  of  the  authors  who  have  lately  wi-itten  on  the  subject. 
There  are  other  questions  which  invite  investigation,  but  which  are 
hardly  suitable  to  a  beginner.  One  of  these  is  the  natm-e  of  the 
layers  of  areolar  connective  tissue  between  groups  of  bundles. 
Others  concern  the  further  analysis  of  the  bundles  and  hitherto 
unnoticed  cellular  structures  described  by  ourselves. 

When  transverse  sections  of  the  frozen  fresh  tendo  AchiUis  of  the 
calf  are  examined  in  J  per  cent,  salt  solution,  the  sm-face  of  the 
bundle  is  seen  to  be  mapped  out  mto  small  polygonal  fields— sunilar 
to  Cohnheim's  fields  ui  sections  of  frozen  muscle  (Herzog). 

In  longitudinal  strips  of  tendon  sealed  several  days  m  serum,  or 
treated  by  logwood  glycerine,  and  by  various  other  methods,  lines 
are  seen  which  indicate  that  the  bundle  is  composed  of  smaller 
definite  cylindrical  structures.  In  mammahan  fcetal  tendon  pre- 
served for  a  lengthened  period  in  ^th  per  cent,  solution  of  chromic 
acid  (the  attachments  at  both  ends  being  preserved),  we  found  the 
tendon  composed  of  fine  cyUndrical  structures  which  m  transverse 
section  were  arranged  in  groups,  which  indicated  the  formation  of 
the  ordiaary  bundle. 
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lu  lo"-wood-o-lycerine  prepsu-atious  some  of  the 
stri«3  ou°tlie  oi-dmary  large  tendon  cells  correspond 
in  relative  position  to  the  lines  on  the  bundles 
aUuded  to,  and  which  we  beUeve  indicate  the 
borders  of  component  parts  of  the  bundle.  They 
are  seen  on  the  ceUs  in  the  accompanying  woodcut. 

We  have  on  several  occasions  observed  small    Fig.  3.  Cells 
narrow  elongated  cells  in  tendon,  about  the  length,  J,«^^°^ 
and  a  fourth  or  fifth  part  the  width,  of  the  ordmaiy  £^^J^^.g^/. 
tendon  cell,  namely,  in  the  mammalian  foetal  tendon      ^^a. . 
hardened  in  weak  chromic  acid,  on  fragments  of  endothelial 
tendon  macerated  in  blood  serum,  and  in  gold  pre-      cell   of  the 
pai-atious  of  tendon  in  an  early  stage  of  inflamma-     bundle  ;  _  d 
tion.    In  the  chromic  acid  preparations  they  dis-  ^^^"^g^g^^g^l 
tinctly  covered  the  narrow  cylindrical  subdivisions  of      ^^^^^g^  the 
the  bundle,  which  we  have  elsewhere  termed  primary 
bundles.    They  were  observed  only  in  a  few  in- 
stances during  an  examination  of  tendon  carried  on  for  a  con- 
siderable period  of  time,  and  we  know  of  no  method  by  which 
theii-  demonstration  can  be  readily  guaranteed.    The  same  remark 
apphes  to  the  question  of  the  existence  of  branched  ceUs,  as  distm- 
cniished  from  the  cells  which  are  applied  to  the  bundles  or  Bautchen- 
%lleu  of  Key  and  Eetzius.    We  have  described  cells  which  are 
characterised  by  a  small  oval  nucleus,  a  very  scant  amount  of  ceU- 
substance,  and  very  fine  cylindrical  thread-lilce  processes  which  pass 
between  the  bundles.     The  nucleus  and  ceU-substance  of  this 
branched  cell  may  be  sometimes  observed  in  logwood-glycerine  pre- 
parations (more  rarely  by  other  modes  of  preparation),  lying  on  the 
bundle  transversely  between  two  of  the  ordinary  or  Ranvier  ceUs. 

Fibres,  which  are  evidently  elastic  fibres,  can  be  shown  in  tendon 
by  injecting  J  per  cent,  solution  of  chloride  of  gold  through  the 
bloodvessels.  The  tendo  AchiUis  of  a  young  rabbit  after  injection 
from  the  femoral  artery  is  suitable  for  this  purpose.  Pressure 
should  be  kept  up  for  some  minutes,  so  as  to  secure  penetration  by 
the  solution,  and  longitudinal  sections  made  either  immediately  or 
after  hardening  for  24  hours  in  alcohol. 

What  is  called  areolar  connective  tissue  may  be  examined 
by  cutting  out  a  small  portion  with  scissors,  from  the  sub- 
cutaneous tissue— from  the  mouse's  back,  for  example.  Ex- 
amined in  water,  it  is  seen  to  be  composed  of  waving  or 
twisted  fasciculi.    By  adding  acetic  acid  elastic  fibres  are  seen. 
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If  the  tissue  is  hardened  in  alcohol  and  stained  in  logwood, 
nuclei  are  seen,  indicating  the  existence  of  cells.  Various 
opinions  are  held  as  to  the  nature  of  these  cells,  and  they  are 
very  difficult  to  demonstrate.  The  following  method  we  have 
found  successful :  Kill  a  mouse,  and  the  same  instant  inject 
-4-  per  cent,  solution  of  nitrate  of  silver  under  the  skin  of  the 
back.  Or,  chloroform  a  mouse,  inject,  and  after  a  couple  of 
minutes  kill  it  (whilst  still  anaesthetised).  Carefully  hut 
quickly  dissect  the  skin  from  the  subcutaneous  tissue.  Wher- 
ever the  silver  solution  has  penetrated,  the  latter  is  white  and 
oedematous.  Cut  off  small  portions  of  it  with  sharp  scissors 
(taldng  care  not  to  press  or  drag  it),  and  place  them  on  a  slide 
in  a  large  drop  of  glycerine.  Put  on  a  cover-glass,  and  expose 
the  preparation  to  "bright  sunlight,  As  soon  as  the  tissue 
begins  to  darken,  examine  it.  When  the  method  is  successful 
rounded  or  oval  nucleated  cells  are  seen,  the  cell  substance  being 
darker  than  the  other  tissues.  At  certain  parts  where  the 
staining  has  been  very  complete,  numbers  of  the  cells  may 
be  seen  to  form  a  layer,  small  openings  being  left  in  the 
angular  spaces  between  the  cells.  These  cells  have  no  pro- 
cesses, the  border  of  the  cell  being  cleanly  cut  all  round. 
After  several  portions  have  been  removed  by  scissors,  pre- 
serve the  rest  for  further  examination  by  immersion  in 
glycerine. 

The  whole  operation  must  be  carefully  and  quickly  done, 
and  repeated  if  necessary  until  a  successful  preparation  is  ob- 
tained. 

The  demonstration  of  these  cells  is  of  great  importance,  as 
it  proves  the  existence  of  layers  of  endothehum  in  areolar 
tissue,  and  gives  a  key  to  the  further  investigation  of  all  the 
forms  of  connective  tissue.  The  success  of  the  method  de- 
pends on  the  fact,  that  when  endothelial  cells  are  brought  in 
contact  with  solution  of  nitrate  of  silver  before  xmst-mortem 
changes  have  taken  place— such  as,  for  example,  would  be 
produced  if  they  were  previously  treated  by  water — the  cell 
substance  combines  with  the  silver,  and  an  albuminate  is 
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formed  within  the  cell.    (See  "Proc.  Eoy.  Soc,"  vol.  xxii., 

^^?hrsam!'c!lis  can  be  seen  by  treating  portions  of  the  fresh 
tissue  by  the  saturated  potash  solution,  but  success  is  very 
rarely  obtained  by  this  method.  When  it  does  succeed,  how- 
ever narrow  elongated  cells  are  sometimes  also  found  isolated, 
sho^^ng  that  the  endothelial  layers  of  rounded  cells  are  not  the 
onlv  fla^t  cells  in  the  subcutaneous  areolar  tissue. 

The  method  of  interstitial  injections  in  the  study  of  con- 
nective tissue  was  introduced  by  Ranvier,  who  also  recom- 
mends the  injection  of  a  small  quantity  of  warm  melted  gela- 
tine The  gelatine  is  allowed  to  swell  in  water  for  an  hour. 
It  is  then  washed  clean  and  melted  over  a  water-bath.  The 
cBdematous  bulla  soon  sets,  and,  when  hard,  sections  are  cut. 
These  can  be  stained  and  excamined,  the  interstices  of  the 
tissue  being  distended  by  the  gelatine.  But  the  results  by 
this  method  do  not  equal  those  we  have  just  described  as 
obtainable  by  the  simple  injection  of  sHver  solution. 

The  tissue  may  be  also  examined  by  cutting  out  fresh 
portions  and  examining  them  in  aqueous  humour,  salt  solution 
and  other  fluids.  It  is  almost  impossible,  however,  to  avoid 
iniuring  it  irretrievably  in  the  process.  The  nuclei  of  the 
cells  often  persist  and  can  be  stained,  but  the  contours  of  the 
cells  are  generally  indistinguishable.  As  regards  the  form  and 
arrangement  of  the  cells  the  method  is  untrustworthy. 

The  serous  membranes  may  be  examined  in  sections,  which 
include  the  peritoneal  covering  of  the  diaphragm,  but  are  most 
conveniently  studied  in  transparent  tissues,  such  as  the  mesen- 
tery or  the  omentum.  To  examine  these  membranes  success- 
fully it  is  necessary  that  they  should  be  fresh,  not  allowed  to 
become  dry  by  exposure,  and  kept  extended.  Eanvier's  half- 
drying  process  consists  in  placing  a  portion  of  the  membrane  on 
a  sUde,  and  allowing  it  to  partially  dry  by  evaporation,  so  that 
when  extended  by  the  fingers  it  adheres  to  the  surface ;  a  drop 
of  staining  fluid  is  then  placed  on  the  central  portion,  and  a 
cover-glass  put  over  it.    The  membrane,  which  should  extend 
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very  slightly  beyond  the  edges  of  the  glass,  is  again  stretched 
hy  the  points  of  the  fingers,  and  retained  in  its  extended  posi- 
tion by  fixing  the  corners  of  the  cover-glass  with  paraffine. 
When  the  staining  has  taken  effect  the  colouring  matter  is 
removed  by  a  piece  of  filter-paper  placed  at  the  edge  of  the 
glasses,  and  glycerinQ  allowed  to  take  its  place.  The  pre- 
paration is  then  ready  for  examination  or  permanent  in- 
closure  by  sealing.  In  this  process  the  drying  must  never  be 
complete. 

We  have  found  the  following  method  good,  and  recommend 
it  in  preference  to  any  other  : 

Take  two  pieces  of  mica  about  1^  to  2  inches  long  and  f 
inch  broad,  one  thicker  and  the  other  thinner.  The  neces- 
sary degree  of  thinness  will  be  understood  when  the  details  of 
the  manipulation  are  considered,  and  after  a  very  little  prac- 
tice. Lay  one  piece  over  the  other,  and  punch  a  circular  hole 
through  both  at  one  end.  Take,  as  an  example,  the  free 
omentum  which  is  attached  to  the  greater  curvature  of  the 
pyloric  end  of  the  stomach  of  a  new-born  kitten,  or  of  a  rabbit 
three  weeks  old,  raise  it  gently  with  the  forceps,  and  place  the 
thicker  piece  of  mica  under  it  so  that  the  membrane  is  spread 
over  the  circular  hole,  taking  care  that  when  once  the  mem- 
brane has  touched  the  mica  it  is  not  again  moved.  Place  the 
thinner  piece  of  mica  over  the  other  so  that  the  two  holes  shall 
exactly  fit  each  other.  An  assistant  then  fixes  the  pieces  of 
mica  in  their  position  over  each  other  by  grasping  the  edges 
with  two  forceps,  and  the  omentum  is  detached  by  cutting  it 
with  scissors  round  the  mica.  The  two  pieces,  still  in  contact, 
can  then  be  held  in  any  convenient  position  by  an  assistant, 
and  they  are  fixed  by  a  strong  waxed  thread  tied  round  them 
before  and  behind  the  hole.  It  is  advisable  to  prepare  small 
notches  beforehand,  by  which  the  threads  can  be  well  secured. 
The  mica  behind  the  holes  being  no  longer  required  as  a  handle, 
is  cut  off  by  scissors,  and  the  two-layered  square  of  mica,  with 
its  enclosed  membrane,  can  be  easily  manipulated  by  grasping 
its  edges  with  forceps. . 
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This  manoeuvre  is  intended  to  fulfil  the  following  conditions, 
which  are  of  the  greatest  importance  in  studying  so  delicate  a 
tissue  as  the  omentum.  The  membrane  is  prepared  for  exami- 
nation in  serum,  or  after  the  action  of  reagents,  without  having 
been  unduly  stretched  or  allowed  to  retract,  without  having 
become  even  partially  dry,  and  without  having  been  subjected 
to  contact  with  any  foreign  body.  The  quicker  the  operation 
is  performed  the  better.  If  some  time  is  lost  wliile  it  is  being 
done,  it  is  well  to  moisten  the  preparation  occasionally  with  a 
drop  of  peritoneal  serum. 

To  examine  the  membrane  fresh  a  large  drop  of  serum  is 
placed  on  a  slide,  and  the  square  so  placed  over  it  that  the 
membrane  shall  be  in  contact  with  the  fluid.  Another  drop  is 
placed  on  the  upper  surface  of  the  membrane,  and  a  very  thin 
cover-glass  used.  It  is  convenient  to  arrange  so  that  the  cover- 
glass  shall  have  the  same  area  as  the  square.  Brunswick  black 
run  round  the  edges  prevents  evaporation,  and  allows  the 
observation  to  be  continued  for  hours  or  days.  As  fresh 
tissues  sealed  in  serum  undergo  gradual  changes,  by  which  the 
contour  of  transparent  elements  becomes  visible  before  they 
finally  disintegrate,  this  is  a  matter  of  some  importance. 

Prepare  a  number  of  similar  squares  for  treatment  by  the 
following  methods : 

Put  them  for  a  few  hours  into  Midler's  fluid.  Then  pass  a 
camel's  hair  brush  gently  over  both  surfaces,  the  square  being  sus- 
pended in  the  fluid  the  while.  Eemove  them  for  a  few  minutes 
to  distilled  water.  Then  stain  some  in  carmine,  some  in  picro- 
carminate,  some  in  eosin,  and  some  in  logwood  solution.  After 
they  have  been  again  placed  for  a  minute  in  distilled  water, 
examine  in  glycerine,  the  manipulation  being  the  same  as  for 
examination  in  serum.  Place  other  squares  in  ^  per  cent,  of 
chloride  of  gold  solution  15  to  30  minutes.  Then  expose  to 
the  light  in  1  per  cent,  acetic  acid  until  the  colour  becomes 
dark.  Treat  others  by  osmic  acid  solution  and  subsequent 
staining  by  picrocarminate  or  logwood,  or  by  both. 

To  see  the  outlines  of  the  endothelium  of  the  surface  place 
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the  square  in  ;|  to  J  per  cent,  silver  solution  for  a  minute,  then 
expose  it  on  a  slide  in  glycerine  to  sunlight,  and  examine  as 
soon  as  the  membrane  becomes  dark. 

The  washing  in  distilled  water  before  and  after  the  treatment  with 
the  silver  solution,  which  is  usually  recommended,  has  the  advantage 
of  removing  the  albuminous  matter  which  is  adherent  to  the  mem- 
braue,  and  so  preventing  a  deposit  of  particles  of  albuminate  of 
sUver.  It  has,  however,  the  great  disadvantage  of  frequently  de- 
stroying the  cells.  ■  Pai-ticles  of  albuminate  of  silver,  even  when  they 
are  present,  do  not  impair  the  usefulness  of  the  preparations.  They 
are  mostly  found  in  the  angles  between  the  cells,  and  indicate  an 
accumulation  in  these  points  in  the  living  tissue. 

In  the  omentum  are  specially  to  be  observed  the  nature  and 
arrangement  of  the  bundles  of  fibrillary  tissue,  the  bloodvessels 
and^lymphatic  vessels,  and  the  nuclei  of  the  cellular  elements, 
more  abundantly  visible  in  some  parts  than  in  others. 

A  method  for  the  isolation  or  demonstration  of  the  form,  and 
aiTangement  of  the  cellular  elements  of  the  omentum  is  yet  a  deside- 
ratum. The  number  and  distribution  of  large  flattened,  rounded, 
or  slightly  oval  nuclei,  justify  the  inference  that  we  have  here,  as  in 
the  subcutaneous  tissue,  a  layer  of  endothelial  cells. 

This  inference  is  supported  by  the  fact  that  Waldeyer  has  isolated 
rounded  nucleated  cells  from  the  omentum  of  the  mouse,  The  deli- 
cate nature  of  such  cells  and  their  firm  adhesion  to  the  tissues  on 
which  they  lie  constitute  the  difficulty  of  either  demonstrating  or 
isolating  them. 

In  the  omentum  of  young  animals  stained  by  logwood  the  nuclei 
and  part  of  the  processes  of  spmdle  cells  can  sometimes  be  observed. 

In  the  stained  omentum  of  young  rabbits  certain  patches  are  con- 
spicuous from  the  number  of  nuclear  elements  visible.  These  patches 
are  also  distinguishable  in  unstained  serum  preparations  by  a  faint 
opacity  (hence  termed  by  Eauvier  milky  patches) .  In  the  first  weeks 
of  life  an  appearance  is  seen  in  these  patches  which  precedes  and 
marks  out  the  subsequent  development  of  bloodvessels.  This  con- 
sists chiefly  in  a  very  slightly  granular  branched  figure  in  which 
nuclei  exist.  Eanvier  believes  that  this  figure  is  a  cell  specially 
destined  to  form  a  bloodvessel,  and  it  is  hence  termed  by  him  a 
vasoformative  cell.  We  believe  that  it  is  produced  by  a  distension 
of  pre-existing  spaces  between  the  groups  of  bundles,  and  the  accu- 
mulation in  them  of  an  exudation  from  the  nearest  bloodvessels, 
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which  possesses  diflferent  refractive  properties  from  that  of  the  sur- 
rounding tissues  and  which  is  also  capable  of  staining.  The  nuclei 
we  believe  to  belong  to  the  ordinary  cells  of  the  part. 

The  faintly  granular  substance  is  spoken  of  by  some  authorities  as 
vasoformative  protoplasm.  It  is  termed  protoplasm  simply  because 
it  is  faintly  granular  and  has  special  refractive  properties,  and  vaso- 
formative because  it  precedes  the  development  of  a  bloodvessel .  To 
term  everything  in  the  tissues  which  is  finely  granular  and  has  pe- 
culiar refi-active  properties,  protoplasm,  is  certain  to  lead  tofaUacious 
conclusions.  That  the  appearance  in  question  precedes  the  develop- 
ment of  a  bloodvessel  does  not  show  that  it  is  ceHular,  nor  taken 
alone  does  it  show  what  relation  it  has  to  the  vessel.  It  must  be 
borne  in  mind  that  granular  matter  capable  of  staining  is  produced 
by  processes  of  coagulation  in  homogeneous  fluids,  and  that  its  ap- 
pearance in  a  stellate  or  spindle  form  may  be  caused  by  the  form  of 
the  cavities  or  spaces  in  which  the  coagulation  takes  place.  _  If  the 
walls  of  these  spaces  contain  nuclei  the  appearance  of  a  ceU  is  simu- 
lated. Such  we  believe  to  be  the  explanation  of  vasoformative  cells. 
The  so-called  stellate  and  spindle  ceUs,  which  have  been  supposed  to 
form  bloodvessels  by  becoming  hollow  and  communicating  with 
similar  cells  in  the  vascular  wall,  which  again  are  in  communication 
with  the  lumen  of  a  vessel,  are  to  be  explained  in  the  same  way. 
They  are  not  cells. 

We  are  justified  in  declining  to  accept  the  doctrine  of  vasoforma- 
tive cells— of  whatever  presumed  form— until  they  have  been 
isolated. 

The  abundant  reticulum  of  elastic  fibres  is  seen  to  advantage 
by  adding  diluted  acetic  acid  to  the  fresh  membrane,  and  some- 
times after  treatment  by  yV  per  cent,  solution  of  osmic  acid. 

Simpler,  but  not  so  accurate,  methods  of  examining  the 
omentum  are  to  open  the  abdomen  in  Miiller's  fluid  and  let  the 
membrane  be  suspended  in  it  for  some  hours,  after  which 
pieces  of  it  may  be  separated,  floated  on  a  slide,  and  examined 
by  the  usual  methods.  A  similar  treatment  may  be  practised 
with  silver  solution  in  order  to  stain  the  substance  between  the 
endothelial  cells.  The  membrane,  after  being  floated  to  the 
glass,  can  be  spread  out  by  the  half-drying  process  and  exposed 
to  light  in  glycerine,  either  with  or  without  a  preliminary 
rinsing  with  distilled  water.    The  drop  of  glycerine  must  be 
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small  and  a  cover-glass  put  on  so  that  the  membrane  may  be 
kept  extended. 

Fibrillary  tissue  may  also  be  studied  (as  has  been  well  shown 
by  Axel  Key  and  Gustaf  Eetzius)  by  treating  the  subarachnoid 
trabecute  by  osmic  acid  and  subsequent  aniline  staining,  by 
silver,  Miiller's  fluid,  etc.,  the  principle  being  never  lost  sight 
of  that  until  the  reagents  are  brought  into  contact  with  the 
fresh  tissues  these  must  be  kept  as  much  as  possible  undis- 
turbed in  their  natural  position  and  relations.  The  demon- 
stration of  the  investing  cells  of  the  bundles  would  appear  to 
succeed  in  the  subarachnoid  trabecute  more  easily  than  in 
many  other  parts. 

We  succeeded  once,  after  a  considerable  number  of  trials,  in  iso- 
lating from  the  mesentery  of  the  frog  by  saturated  potasli  solution 
a  number  of  narrow  elongated  cells,  forming  a  continuous  layer, 
which  have  not  been  seen  by  any  other  method. 

There  is  good  reason  to  believe  that  there  exists  in  the  organism 
on  an  extensive  scale,  an  extremely  delicate  form  of  fibrillary  tissue, 
which  has  hitherto  mostly  escaped  observation  on  account  of  its 
being  destroyed  by  the  reagents  generally  employed  in  histological 
research.  Key  and  Eetzius  describe  it  as  sun-ounding  some  of  the 
bundles  of  the  ordinary  more  resistant  fibrillary  tissue,  and  we 
have  met  with  it  in  sealed  serum  preparations  of  portions  of  the 
nem-ilemma  of  the  sciatic  nerve  of  the  frog,  and  in  glycerine  pre- 
parations of  the  enveloping  sheath  of  the  tendo  AchiUis  of  the  same 
animal.  It  probably  forms  a  large  part  of  the  connective  tissue  of 
the  parenchyma  of  glandular  organs. 

We  have  described  the  fibrillary  element  of  areolar  tissue  as  being 
inclosed  between  layers  of  delicate  endothelial  cells.  The  existence 
of  these  layers  of  cells  has  been  shown  in  the  fine  areolar  tissue 
between  the  groups  of  tendon  bundles  by  Lowe  in  silver,  and  by 
ourselves  in  gold  preparations,  in  the  testicle  by  Mihalkowics,  and  in 
the  perimysium  of  the  muscular  fibres,  and  bundles  of  fibres  of  the  frog 
by  ourselves.  These  investigations  bear  out  the  interpretation  assigned 
by  Key  and  Eetzius  and  Schwalbe  to  the  results  they  have  obtained 
in  their  studies  of  the  arachnoid,  pia  mater,  nerve  sheaths,  the 
choroid,  etc.,  and  justify  the  conclusion  that  the  elementary  form  of 
fibrillary  tissue  consists  of  a  membrane  covered  on  both  sides  by  an 
endothelial  layer  of  ceUs,  fine  bundles,  often  of  an  extremely  dehcate 
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and  perishable  nature,  being  situated  between  the  layers.  The  methods 
most  likely  to  demonstrate  the  cells  consist  in  a  careful  application 
of  the  silver  method,  chloride  of  gold,  osmic  acid,  and  preservation  in 
serum.  But  by  all  these  methods  success  is  exceptional.  Much 
depends  on  dexterity  of  manipulation.  When  the  metallic  solutions 
ai-e  used,  a  method  must  be  chosen  suitable  to  the  particular  part 
selected  for  investigation,  by  which  the  fluid  can  be  brought  into 
contact  with  the  cells  whilst  they  are  still  unchanged.  In  serum 
preparations  they  must  be  brought  fresh  on  the  slide,  unshrunk  and 
uninjured  in  any  way,  carefully  covered,  and  immediately  sealed  by 
Brunswick  black.  They  should  be  frequently  examined  during  the 
following  48  hours. 

The  next  stage  in  the  development  of  fibrillary  tissue  is  distin- 
guished by  a  greater  power  of  resistance  to  j^ost-mortem  change  and 
chemical  agents.  The  fibrillated  bundles  are  intact  after  the  cells 
have  disappeared,  and  can  be  resolved  into  a  number  of  exceedingly 
fine  fibrillte  by  maceration  in  salt  solutions,  baryta  water,  and  some- 
times in  simple  serum.  This  type  may  be  conveniently  studied  in 
one  of  its  stronger  developments,  such  as  is  found  in  the  skin  and 
subcutaneous  tissue. 

Our  observations  on  the  cornea,  tendon,  mesentery,  and  our  joiut 
observations  with  Mr.  Ewart  on  the  retina,  warrant  the  belief  that 
in  addition  to  the  typical  layei-s  of  cells  which  inclose  the  bundles  of 
connective  tissue,  the  finer  bundles  are  themselves  invested  by  narrow 
elongated  cells. 

Elastic  fibres  can  be  seen  by  adding  dilute  acetic  acid  to  the 
subcutaneous  tissue  or  to  a  serous  membrane.  The  larger 
forms  may  be  conveniently  studied  in  the  ligcmentum  nuchce. 
The  knowledge  obtained  regarding  their  structure  and  develop- 
ment is  still  very  defective. 

A  valuable  memoir  on  the  subject  has  been  lately  pubHshed  by 
Schwalbe.i  This  observer,  in  studying  the  fibres  of  the  ligamentum 
nuchse,  subjected  them  to  the  action  of  35  per  cent,  potash  solution. 
By  this  treatment,  ia  24  hours  they  have  lost  their  elasticity.  On 
the  second  day  a  special  form  of  transverse  marking  is  observed,  and 
soon  afterwards,  if  they  are  teased  out,  they  faU  into  long  cylindrical 
fragments.  Changes  take  place  in  the  inner  substance  of  the  fibre 
between  5  and  14  days.    Examined  in  the  fluid,  clear  spots  and 
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striae  are  seen  in  the  axis  of  the  fibre,  vacuolation  begiuuiug  iu  the 
axis  and  spreading  to  the  periphery.  Tliis  vacuolation  and  destruc- 
tion is  hastened  if  water  is  added  after  the  second  day. 

Schwalbe  infers  from  these  experiments  that  the  substance 
Jutherto  designated  as  pure  elastin,  consists  of  at  least  two  sub- 
stances, a  peripheral  substance  of  the  nature  of  a  sheath  and  its  con- 
tents. This  sheath  is  isolable  after  the  action  of  the  potash,  and  the 
preparation  can  be  preserved  by  complete  neutralisation  with  alcohol, 
and  can  then  be  also  coloured  with  caimiue.  It  shrinks  in  the 
alcohol. 

The  sheaths  are  fibrillated,  an  appearance  produced  by  longi- 
tudinal thickenings. 

The  transverse  elements  become  conspicuous  after  long  maceration 
(3  to  4  weeks)  in  to  -Jj,  per  cent,  chromic  acid.  The  contents 
break  up  into  short  cylindrical  pieces.  A  canal  forms  iu  the  centre 
of  the  fibre.  If  the  fibres  remain  iu  the  solution  for  several  months, 
without  the  concentration  being  kept  up  by  renewal  of  the  fluid, 
they  gradually  break  down  until  nothing  but  the  sheath  is  left. 
Sometimes,  and  especially  if  the  solution  is  somewhat  stronger 
(J^j  per  cent.),  the  sheath  also  breaks  up  into  longer  pieces. 

The  same  observer  identifies  the  transverse  discs  with  the  rjrains 
refriiujents  described  by  Eauvier  in  elastic  fibres.  He  also  found 
them  by  letting  the  ligamentum  nuchse  rot  in  water.  He  believes 
that  the  transverse  discs  of  the  larger,  and  the  rjrains  of  the  smaller, 
elastic  fibres  are  not  the  primitive  elements  which  are  in  his  opinion 
constituted  by  the  molecules  of  elastin. 

If  portions  of  the  ligamentum  nuclice  of  a  young  animal  are 
hardened  in  gold  solution,  and  then  deeply  stained  by  log- 
wood, the  existence  of  numerous  nuclei  becomes  evident. 
These  nuclei  are  closely  adherent  to  the  fibres,  and  generally  a 
small  amount  of  deeply-stained  amorphous  matter  surrounds 
the  nucleus. 

When  we  first  demonstrated  these  nuclei  and  theh  close  relation 
to  the  fibres  in  1874,  we  drew  the  mference  that  they  were  the  rem- 
nants of  cells  from  which  the  fibres  are  developed.  Schwalbe  has, 
however,  by  interstitial  injections  of  iodised  serum  and  weak  solu- 
tions of  bichromate  of  potash  isolated  flat  endothelial  cells,  of  which 
these  are  the  nuclei,  the  cell  closely  embracmg  the  fibre.  The  fibre 
is  therefore  manifestly  not  a  metamorphosed  process  of  this  cell.  It 
does  not  necessarily  f oUow  however  from  this  that  they  are  not  de- 
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veloped  from  cells  aud  their  processes,  aud  although  the  tendency  of 
modern  histology  is  against  this  older  view,  rightly  requiring  more 
proof  of  its  accuracy  than  has  yet  been  given,  it  is  safe  to  assert  that 
its  weakness  lies  in  the  want  of  sufficient  luaowledge  of  the  diflerent 
stacres  of  development,  and  not  in  any  satisfactory  observations  which 
support  the  other  opinions  that  have  been  advanced. 

Elastic  fibres  stain  yellow  by  picric  acid.  When  connective 
tissue  is  stained  by  picrocarminate,  the  carmine  stains  the 
bundles  of  fibrillary  substance,  and  the  picric  acid  the  elastic 
fibres. 

Eanvier  states  that  if  an  oedematous  bulla  has  been  formed  by 
interstitial  injection  of  one  per  cent,  solution  of  osmic  acid  mto  the 
subcutaneous  tissue,  the  distended  portion  excised  and  placed  24 
houi-s  in  the  same  solution,  then  washed  in  water,  and  fragments 
teased  out  and  examined  in  glycerine,  the  elastic  fibres  are  seen  when 
macmified  1000  diameters  to  be  formed  by  refractive  lenticular  or 
spherical  granules,  surrounded  by  a  substance  which  is  much  less 
refractive.  Magnified  400  diameters  they  seem  only  striated  trans- 
versely. .•  i- 

The  same  authority  states  that  m  a  preparation  of  connective  tissue 
treated  by  10  per  cent,  solution  of  potash,  all  the  elements  disappear 
rapidly  except  the  elastic  fibres. 

men  the  bundles  of  connective  tissue  are  treated  byddute  acetic 
acid  as  they  swell  they  are  snai-ed  at  certain  points  by  a  circular 
fibre  which  surrounds  them.  Authorities  differ  as  to  the  natm-e  of 
this  fibre-the  so-caUed  spiral  fibre.  We  agree  with  those  who 
beUeve  it  to  be  an  elastic  fibre.  It  has  been  objected  to  this  view 
that  in  preparations  stamed  by  picrocarminate  the  fibre  is  coloured 
red  whereas  it  should  be  yellow  if  it  were  a  true  elastic  fibre.  As  we 
beu'eve  it  is  not  the  fibre  which  stains  red  but  an  amoi^hous  plasma 
which  surrounds  it  in  the  gi'oove  of  the  sheath  of  the  bundle  m 
which  it  lies  The  fibre  itself  is  obscured  by  this  plasma  and  is  of 
too  smaU  calibre  to  stain  distinctly  by  picric  acid.  The  same  amor- 
phous matter  is  seen  stamed  a  dark  violet  in  gold  preparations.  The 
fibre  itself  can  often  be  distinctly  seen  as  an  ordinary  elastic  fibre. 

Elastic  fibres  stain  in  solution  of  magenta. 

Skin.— Eemove  a  piece  of  skin  from  any  part  of  the  body 
(best  fresh  as  from  an  amputated  Ihnb),  about  J  inch  square, 
with  some  of  the  subcutaneous  tissue  attached  to  it ;  place  it 
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2  to  3  days  in  Miiller's  fluid,  then  24  hours  in  alcohol.  Cut  it 
into  two  pieces.  Embed  thetn  both  so  as  to  have  transverse 
sections  from  one  piece  and  vertical  sections  from  the  other. 
Stain  and  examine  in  glycerine,  Canada  balsam,  or  dammar 
vai-nish.  Observe  the  horny  layer  of  epidermis,  the  rete  mu- 
cosum,  the  bundles  of  tissue  which  compose  the  corium,  the 
subcutaneous  fat,  and  the  portions  of  hairs,  or  glands,  or  blood- 
vessels which  may  be  included  in  the  section. 

The  bloodvessels  must  be  studied  in  injected  preparations. 
The  sebaceous  glands  can  be  well  studied  in  skin  from  the  alse 
nasi  or  the  labia  majora.  The  sweat  glands  are  seen  in  most 
sections  of  skin,  but  should  be  specially  studied  in  the  skin  of 
the  axilla,  where  they  are  unusually  large.  In  skin  from  this 
region  carefully  hardened  in  weak  solution  of  chromic  acid  for 
several  days  and  afterwards  in  alcohol,  in  some  subjects  the 
layer  of  smooth  muscular  fibres  can  be  seen  on  the  surface  of 
the  gland  coil.  It  is  said  to  be  present  on  all  sweat  glands. 
We  have  found  it  easily  demonstrated  only  on  the  larger  ones. 

, '  The  gland  cells  rest  on  a  structureless  membrane  which  we  have 
observed  most  distinctly  in  gold  preiDarations.  The  outlines  of 
flattened  polygonal  cells  have  been  described  on  this  membrane,  but 
■we  are  not  aware  of  the  nature  of  the  method  by  which  they  were 
demonstrated. 

The  elastic  fibres  of  the  skin  can  be  seen  by  most  modes  of 
preparation,  but  can  be  specially  studied  in  the  following 
manner :  Press  the  skin  of  the  anterior  surface  of  the  first 
phalanx  of  a  finger  firmly  between  the  thumb  and  forefinger  of 
the  left  hand,  and  with  the  right  make  vertical  sections  of  the 
tense  skin  as  thin  as  possible.  Some  of  them  may  be  suf- 
ficiently thin  for  use.  Place  them  24  hours  in  strong  carmine, 
then  24  to  48  hours  in  2  per  cent,  hydrochloric  acid  and  ex- 
amine in  glycerine.  The  nuclei  of  the  corium  and  the  elastic 
fibres  are  well  seen  in  such  preparations. 

Dr.  Stirling  gives  the  following  "method  for  the  demonstra- 
tion of  cellular  elements,  elastic  fibres,  and  the  sheaths  of  the 
bundles  in  the  skin  : 
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A  digesting  fluid  is  prepared  by  adding  to  500  CC  of  i 
per  cent  solution  of  hydrochloric  acid,  a  few  drops  of  glycenne 
Ltract  of  the  mucous  membrane  of  the  stomach  or  1  g  -m 
.  of  pepsine  (of  reliable  quality).    The  skin  to  be  dig  s  s 
stretched  over  the  mouth  of  a  glass  dialysmg  jar  and  placed  m 
a  beaker  of  the  fluid,  which  is  maintained  at  a  temperature  o 
38°  S     If  the  portion  of  skin  is  large,  the  fluid  may  be  changed 
advantageously  after  two  hours.    The  process  -  contmued 
from  2  to  8  hours,  according  to  the  age  of  the  skin  and  the 
extent  of  digestion  which  is  desired.    The  skm  is  then  re- 
moved and  placed  in  water  for  24  hours,  w^ien  it  swells 
and  becomes  transparent.    Sections  can  be  cut  and  stained 
and  examined  in  glycerine.    After  prolonged  digestion  struc^ 
tures  are  found,  which  Dr.  Stirling  believes  to  be  sheaths  of 
the  bundles,  that  have  resisted  the  digesting  process. 

For  the  tactile  corpuscles  and  the  medullated  nerve^bres, 
the  following  method  is  recommended:  From  the  bulb  of  a 
freshly  amputated  index-finger  make  a  number  of  vertical 
sections  of  the  thickness  of  a  sliilUng  or  half-a-crown.  Sep^arate 
their  deep  connections  with  scissors  and  place  them  in  ,  per 
cent,  solution  of  osmic  acid.    They  become  rapidly  black. 
After  20  minutes  to  several  hours  begin  to  remove  them  one 
by  one  from  the  solution.    Dry  them  carefully  on  filter-paper 
and  embed  them  immediately,  taking  out  the  thinner  sections 
first    With  a  very  sharp  knife  make  vertical  sections  as  tUm 
as  possible.    Make  also  a  certain  number  of  transverse  sections. 
The  corpuscles  are  seen  as  single,  twin  or  triplet  bodies.  Jiacli 
single  and  each  member  of  a  twin  or  triplet  has  one  medullated 
nerve-fibre  which  penetrates  into  its  interior.    The  fibres  ior 
the  superficial  members  of  the  compound  corpuscles  often  pass 
round-between  the  members  as  they  ascend.     These  facts  can 
be  made  out  by  comparing  the  appearances  seen  in  a  large 

number  of  sections.  n  n  .  i  = 

Transverse  sections  and  various  lengths  of  medullated  fibres 
singly  and  in  groups,  are  also  seen  in  the  corium,  and  fibres  ca,n 
often  be  seen  lying  parallel  to  and  immediately  under  the  rete, 
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mucosum.  Occasionally  a  fibre  turns  perpendicularly  to  the 
rete  and  is  lost  in  it. 

The  cutting  of  thin  sections  is  much  easier  if  the  skin,  after 
being  removed  from  the  osmic  acid,  is  placed  for  24  hours  in 
alcohol.  But  the  best  preparations  are  those  cut  without 
hardening  by  alcohol. 

The  same  disposition  of  the  medullated  fibres  can  be  seen  in 
gold  jDreparations.  Place  vertical  sections  about  the  thickness 
of  half-a-crown  to  a  crown-piece  from  the  bulb  of  a  fresh  finger 
for  30  minutes  in  ^  per  cent,  solution  of  gold  chloride.  Then 
expose  the  pieces  to  light  in  distilled  water  made  faintly 
sour  by  the  addition  of  a  few  drops  of  acetic  acid.  After  sonae 
days  they  assume  a  deep  purple  tint.  They  can  then  be 
embedded  and  cut.  The  medullated  fibres  are  deeply  stained, 
and  can  be  traced  into  the  substance  of  the  corpuscles.  The 
contour  of  the  members  of  the  compound  corpuscles  is  only 
indistinctly  indicated. 

In  successful  preparations  the  finer  terminal  branches  of  the 
nerves  in  the  epidermis  can  be  seen. 

Stain  some  of  the  gold  vertical  sections,  first  in  carmine  and 
then  in  logwood,  and  observe  the  different  layers  of  the  epi- 
dermis. A  middle  zone  of  one  or  two  rows  of  cells  between 
the  rete  and  the  horny  layer  {stratum  lucidum  sen  intermedium) 
stains  diff'erently  from  the  others. 

The  hairless  tip  of  the  snout  of  the  swine  is  recommended 
as  being  favourable  for  the  demonstration,  by  gold,  of  the  ter- 
minal nerve-fibrils  in  the  epidermis.  The  reduction  may  be 
obtained  either  by  acidulated  water,  or  perhaps  better  by 
the  methods  of  H6nocque  or  Lowit.  (See  further  under 
Nerve.) 

Sections  of  the  scalp  are  favourable  for  the  study  of  the 
hair  bulbs  and  the  arrectores  pHi  muscles. 

The  Pacinian  corpuscles  are  sometimes  seen  in  gold  and 
osmic  acid  preparations  of  the  skin  of  the  finger.  They  are 
deeper  than  the  tactile  corpuscles,  and  near  them  is  generally 
to  be  observed  a  section  of  a  nerve  bundle.    In  gold  prepai-a- 


PKACTICAL  HISTOLOGY.  5T 


tions  the  connective  tissue  of  the  nerve  bundles  is  of  a  pearly 
white,  and  contrasts  with  that  of  the  surrounding  tissue. 

Nails  —To  see  the  cells,  macerate  in  25  per  cent,  solution  of 
caustic  potash,  or  boil  for  an  instant  in  10  per  cent,  soda  lye 

Hairs.— Bulbs  are  studied  in  sections  of  skm.  To  isolate 
the  cells  of  the  hair-shaft,  place  it  for  several  nainutes  m 
slightly-warm  concentrated  sulphuric  acid,  and  roll  under  the 
gkss  To  see  the  cells  of  the  medulla,  macerate  several  days- 
in  3  per  cent,  soda  lye.  Sections  of  the  hair-shaft  may  be  got 
by  shaving,  and  repeating  the  operation  shortly  afterwards. 
The  sections  are  found  in  the  lather  of  the  second  shaving. 
(Henle.) 

Fat  can  be  examined  fresh  in  salt  solution.  Tease  out  a 
fragment  from  the  subcutaneous  tissue,  or  spread  out  a  small 
piece  of  omentum.  To  see  the  cell  membrane,  dissolve  the 
fatty  contents  by  maceration  in  alcohol  or  ether.  To  see  the 
nucleus,  stain  in  logwood.  For  the  nucleus  and  protoplasm  of 
the  cell,  as  distinct  from  the  fat,  inject  -,V  per  cent,  solution  of 
nitrate  of  silver  into  the  subcutaneous  tissue  immediately  after 
the  death  of  the  animal,  then  cut  out  and  examine  the  mUky- 
white  patch  which  indicates  the  action  of  the  silver  solution. 
(Ranvier.) 

The  special  action  of  osmic  acid  on  fat  is  seen  by  treating 
any  tissue  which  contains  it  for  a  few  minutes  by  a  weak  solu- 
tion.   The  fat  is  seen  as  black  spherical  masses. 

For  the  development  of  fat  cells,  the  omentum  of  young 
animals  is  a  convenient  object  of  study. 

Cartilage.— For  hyaline  cartilage,  dissect  out  the  episternal 
cartilage  or  one  of  the  tracheo-laryngeal  cartilages  of  the  frog, 
and  examine  in  water.  Or,  cut  thm  sections  from  the  head  of 
a  frog's  femur,  or  from  the  condyles  of  the  femur  of  a  newborn 
kitten  or  a  young  rabbit.  Examine  in  water.  In  stained 
preparations,  nuclei,  surrounded  by  a  granular  substance,  are 


seen. 


Place  a  flat  thin  cartilage  in  i  per  cent,  silver  solution,  or 
rub  solid  caustic  in  stick  over  its  surface,  and  examine  in 
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glycerine.  Or,  rub  tlie  caustic  over  the  head  of  a  frog's 
femur,  make  thin  sections,  and  examine.  The  dark  matrix, 
nuclei,  and  a  small  quantity  of  granular  substance  surround- 
ing the  latter,  are  then  seen.  Between  this  granular  matter 
and  the  ground  substance,  there  is  a  small  unstained  zone. 

This  is  all  that  can  be  made  out  by  the  ordinary  metliods  of 
examination,  and  it  is  very  little. 

For  anything  further,  a  long  and  patient  investigation  is 
necessary. 

For  the  guidance  of  those  ■who  wish  to  undertake  the  work,thefollow- 
ing  methods  are  recommended  :  Cut  with  a  sharp  razor  thin  sHces 
from  the  head  of  a  frog's  femur,  and  place  them  in  ^  per  cent,  silver 
solution  for  1  to  2  minutes.  Then  put  them  for  an  instant  in  ^  per 
cent,  salt  solution.  A  slide  is  previously  prepared  by  having  a  track 
of  glycerine  drawn  along  it  from  one  end  to  tbe  other.  The  sections 
are  placed  in  this  glycerine  one  by  one,  with  the  articular  surface 
uppermost,  and  the  whole  is  placed  in  sunlight.  As  soon  as  they 
become  dark,  examine  them  in  succession,  as  they  lie,  with  a  low 
power,  which  can  be  done  without  putting  on  a  cover-glass.  Look 
for  a  section  that  shows  a  mosaic-appearance  on  its  surface,  and 
mount  it  in  glycerine  on  another  slide  in  the  usual  way  for  more 
careful  examination.  The  mosaic  is  then  seen  to  consist  of  darker 
lines  enclosing  somewhat  square-shaped  less  coloured  spaces,  and  in 
some  of  the  spaces  a  nTicleus  may  be  seen.  Although  the  intermediate 
lines  are  broader  than  the  more  sharply-defined  lines  that  usually 
indicate  an  endothelium,  then-  arrangement  and  the  existence  of  a 
nucleus  within  them,  shows  that  the  mosaic  in  reality  corresponds 
to  a  layer  of  cells  embedded  in  the  superficial  stratum  of  cartQage, 
and  their  appearance  and  arrangement  may  be  contrasted  with  that 
of  the  cellular  structures  usually  seen  ia  sections. 

Eub  the  head  of  a  frog's  femur  firmly  with  moistened  sohd  nitrate 
of  silver.  Make  sections  transverse  to  the  long  axis  of  the  bone, 
place  them  in  glycerine  in  the  manner  recommended  above,  and  ex- 
pose them  to  sunlight.  Look  for  sections  that  contain  in  the  sub- 
stance of  the  cartilage,  deposits  of  black  albuminate  of  .silver  in 
broad,  somewhat  chcular  and  anastomosing  bands.  If,  as  is  very 
possibly  the  case,  none  of  these  are  found,  the  process  must  be  re- 
peated, and  so  on  until  it  succeeds.  This  appearance  indicates  that 
there  are  spaces  in  cartilage  in  which  the  substance  proper  is  want- 
ing, and  that  there  is  an  albuminous  fluid  in  the  spaces. 
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Make  a  --reat  number  of  sections  from  the  cai-tilage  of  the  condyles 
of  the  femur  of  newborn  kittens  and  young  rabbits.  Treat  them 
with  first  silver  and  then  salt  solutions,  and  expose  them  m  glycerme 
to  sunlight  as  ah-eady  directed  ;  a  considerable  number,  in  order  to 
save  time,  being  placed  on  one  slide.    Search  for  the  followmg 

appearances  :  ,      ,  .    ,    i  i 

1  The  surface  of  the  sections  is  mostly  dark,  but  this  dark  colour 
is  occasionaUy  interrupted  by  colourless  patches,  which  may  be  un- 
evenly bounded  and  branched.  The  ground  substance  we  kuow  to 
be  easUy  saturated  with  silver,  and  the  dark  smface  corresponds  to 
sections  of  it.  The  iincoloured  portions  therefore  indicate  parts  in 
which  the  ground  substance  is  covered  by  something  that  acts  dif- 
ferently in  presence  of  the  silver.  That  is  to  say,  the  matrix  is  not 
the  homogeneous  ground  substance  that  it  is  generally  supposed  to 
be.  Our  opinion  is  that  the  colourless  patches  correspond  to  parts 
of  delicate  ceUalar  membranes,  which  we  believe  exist  in  hyaline 
cartilage. 

2.  On  the  surface  of  the  sections  a  network  of  broad  bands  of 
albuminate  of  sUver  may  be  seen.  They  correspond  to  the  similar 
network  sometimes  observed  in  the  substance  of  a  section.  Isolated 
patches  can  be  observed  corresponding  to  the  position  of  the  spaces 
in  which  the  cartilage  cells  are  usually  seen,  showing  that  an  albu- 
minous fluid  is  apt  to  accumulate  in  these  spaces. 

3.  The  ground  substance,  instead  of  being  uniformly  stained,  may 
show  dark  parallel  bands,  about  the  breadth  of  a  human  red-blood 
corpuscle.  Between  the  bands  there  are  colourless  spaces  dividing 
the  dark  bands  from  each  other.  The  straight  colourless  spaces  are 
lost  in  unstained,  somewhat  irregularly-shaped  pE^tches,  which  cor- 
respond to  the  position  of  the  ordinary  cartilage  cells.  This  indi- 
cates farther  that  the  matrix  of  cartilage  is  composed  of  straight 
uniform  bands,  which  are  separated  from  each  other  by  something 
that  does  not  absorb  the  silver  solution. 

In  order  to  obtain  preparations  showing  these  three  different  ap- 
pearances, it  will  probably  be  necessary  to  make  a  great  number  of 
sections  with  a  very  sharp  razor,  and  both  from  animals  newly 
killed,  and  from  those  which  have  been  dead  24  hours.  It  is  pro- 
bable that  some  of  them  will  be  more  frequently  found  after  a  slight 
degree  of  inflammation. 

Perforate  the  cornea  of  an  ox  or  a  sheep  and  collect  the  aqueous 
humour  in  a  capsule.  Make  a  considerable  number  of  sections  of 
fresh  articular  cartOage  (of  the  sheep  or  ox,  for  example),  and  mount 
them  in  a  large  drop  of  the  aqueous  humour  and  seal  with  Bruns- 
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"wick  black.  (The  blood  sei-um  of  tlie  frog  may  also  be  used.)  Keep 
some  of  the  preparations  at  the  ordinary  temperature  and  some  at 
38°  centigrade.  Examine  them  from  day  to  day  for  about  a  week. 
Search  on  the  borders  of  the  preparation  for  flat  hyaline  cells,  per- 
fectly transparent,  and  ■without  granular  contents,  and  only  to  be 
recognised  by  the  faiot  outlines  of  the  nucleus  and  the  border  of  the 
cell.  Search  further  for  parts  in  very  thin  sections,  in  which  the 
matrix  is  seen  to  be  composed  of  bundles  which  correspond  to  the  bands 
indicated  by  the  silver  preparations.  Larger  bundles,  composed  of 
a  number  of  the  smaller  bundles,  can  also  sometimes  be  seen. 

The  preparations  should  be  kept  an  indefinite  time,  and  examined 
after  periods  of  months.  In  one  such  preparation,  after  it  was  kept 
seven  months,  we  found  the  matrix  disintegrated  into  the  amor- 
phous nucleated  masses,  termed  by  the  Germans  "giant  cells." 

A  fibrillary  aiTangement  of  cartilage  is  indicated,  and  the  exist- 
ence of  fine  bundles  is  also  clearly  shown  by  maceration  in  10  per 
cent,  salt  solution. 

The  fibi'illary  structure  is  observed  in  the  parts  of  human  carti- 
lage which  closely  adjoin  the  seat  of  diseased  action. 

The  interfibrillary  substance  is  iu  these  circumstances  absent,  and 
the  iibrillte  are  most  distinct.  In  sections  of  such  cartilage,  treated 
by  osmic  acid,  numbei-s  of  minute  oval  nuclei  are  seen,  identical  in 
appearance  with  similar  nuclei  seen  in  the.  cornea  after  a  brief 
period  of  inflammation.  These  are  not  the  nuclei  of  newly-formed 
cells,  but  are  nuclei  which  can  be  best  demonstrated  when  the  tissue 
is  partly  disintegrated  by  disease. 

On  the  edge  of  sealed  serum  preparations  fine  thread-like  struc- 
tures are  sometimes  seen  passing  from  the  cellular  contents  of  the 
space  into  the  cartilage  substance. 

Very  important  results  have  been  obtained  by  us  by  treating  car- 
tilage with  saturated  potash  solution.  Unfortunately  success  is  iu 
this  instance  very  exceptional,  a  large  proportion  of  the  prepara- 
tions being  worthless.  The  cartilage  of  the  head  of  the  frog's  femur 
is  a  convenient  object  for  this  treatment.  The  head  of  the  bone  is 
cut  off  by  strong  scissors  and  placed  in  the  fluid  entire.  The  cai-ti- 
lage  is  easily  removed  from  it  by  needles  iu  the  form  of  thin  pellicles, 
which  are  broken  down  and  examined  in  the  solution. 

Successful  preparations  show  portions  of  the  cartUage  substance 
isolated  iu  layers.  These  layers  are  scooped  by  round  or  oval  de- 
pressions at  intervals,  which  correspond  to  the  ordinary  so-called 
cartilage  cells.  Layers  of  flat  cells  are  found  isolated,  and  also 
covering  the  flat  portions  of  cartilage  substance.    The  cells  are  con- 
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tiaued  into  the  rounded  depressions  in  an  unbroken  layer,  an  ap- 
pearance which  is  only  reconcilable  with  the  hypothesis  that  the 
ordinary  cartilage  cell  or  s]xice,  instead  of  being  a  closed  capsule,  is 
formed  by  the  apposition  of  two  layers  in  such  a  manner  that  the 
depressions  in  the  one  con-espond  to  those  in  the  other. 

In  one  instance  we  found  a  portion  of  cartilage  substance  beset 
with  minute  narrow  elongated  cells. 

The  existence  of  layers  of  flat  or  endotheHal  cells  in  the  substance 
of  hyaline  cartilage  is  further  confirmed  by  silver  preparations  in 
which  portions  of  cellular  layers  of  various  extent  are  indicated  by 
the  ordinary  network  of  dark  lines  characteristic  of  endothelium. 
Such  preparations  are  very  rarely  obtained.  We  have  found  them 
in  sections  of  the  condyle  of  the  femur  of  young  rabbits  and  of 
frogs.  After  inflammation  of  the  epiphysis  of  the  bone  they  are 
more  readily  seen. 

For  yellow  fibro-cartilage  examine  the  human  epiglottis. 

Bone.  Place  a  piece  of  fresh  bone  in  a  mixture  of  5  to  8 

volumes  of  commercial  hydrochloric  acid  and  100  volumes 
of  water,  and  let  it  remain  in  it  until  it  is  soft  (several  days). 
Place  it  in  water  to  remove  the  excess  of  acid.  It  can  then  be 
cut  by  a  razor.  Make  sections  transverse  and  parallel  to  the 
axis  of  the  bone,  and  examine  them  in  glycerine. 

Saw  as  thin  a  section  as  possible  of  a  long  bone  (humerus  or 
femur)  from  which  the  grease  has  been  removed  by  long 
maceration.  Grind  it  on  a  coarse  glass  plate  with  pumice 
stone  and  water  by  rubbing  it  up  and  down  with  the  finger, 
turning  it  frequently.  When  transparent  wash  it  thoroughly 
to  remove  every  trace  of  the  pumice  stone  and  polish  it  on  a 
smooth  hone.  Examine  in  water.  The  spaces  in  the  bone 
called  "  bone  corpuscles"  and  the  Haversian  canals  are  now 
visible.  To  see  the  latter  lengthwise  saw  and  polish  a  piece 
taken  parallel  to  the  long  axis  of  the  bone. 

These  preparations  are  best  preserved  in  Canada  balsam, 
which  is  hard  at  an  ordinary  temperature.  A  fragment  of  the 
balsam  is  melted  on  a  sHde,  and  whilst  it  is  cooUng,  but  before 
it  is  quite  solid,  the  section,  which  must  be  perfectly  dry,  is 
laid  on  it.  The  cover-glass,  on  which  a  drop  of  the  same  melted 
balsam  has  been  placed,  is  laid  on  immediately.    The  object  to 
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be  attained  is  that  although  the  section  is  enclosed  in  balsam 
the  latter  shall  not  penetrate  into  the  lacunae  and  canaliculi. 
These  being  filled  with  air  become  conspicuous. 

Very  successful  prep£irations  of  the  osseous  substance  are 
obtained  by  a  method  which  has  been  recommended  by  Eanvier. 
A  portion  of  the  shaft  of  a  long  bone  is  plunged  in  water  im- 
mediately after  having  been  freed  from  the  soft  parts,  and 
before  there  is  time  for  evaporation  to  take  place.  The  mace- 
ration-water should  be  frequently  changed  and  the  bones 
cleaned  (under  water).  In  a  year  they  are  white  as  ivory  and 
free  from  fatty  matter.  A  thin  section  is  then  ground  and 
polished  as  directed  above.  The  surfaces  are  finally  scraped 
with  a  knife  to  remove  the  paste  formed  by  the  rubbing  on 
the  stone.  The  section  is  next  placed  in  a  warm  solution  in 
alcohol  of  aniline  blue  (soluble  iu  alcohol,  insoluble  in  water)  and 
then  exposed  to  evaporation  over  a  water-bath.  When  quite 
dry  it  is  rubbed  on  a  hone  moistened  with  2  per  cent,  solution 
of  common  salt.  It  is  then  washed  in  the  salt  solution  and 
finally  mounted  in  equal  parts  of  the  solution  and  glycerine.  The 
salt  solution  renders  the  aniline  quite  insoluble.  The  Haversian 
canals,  "  bone  corpuscles,"  or  lacunae  and  canahculi  are  filled 
with  aniline  blue,  and  are  seen  with  great  distinctness. 

These  methods  suffice  to  demonstrate  the  earthy  framework 
of  the  bone  and  its  cavities  and  interstices,  but  destroy  the 
cellular  and  other  structures.  About,  the  latter  not  much  is 
known.  For  their  study  it  is  necessary  to  have  recourse  to 
solutions^  of  chromic  acid  and  picric  acid.  Both  these  acids 
have  the  property  of  extracting  the  earthy  salts,  whilst  at  the 
same  time  they  preserve  other  constituents.  Place  for  example 
a  frog's  femur  in  six  ounces  of  a  ^  per  cent,  solution  of 
chromic  acid,  and  change  the  fluid  daily  until  the  bone  becomes 
soft  and  flexible.  Embed,  cut,  and  stain  the  sections.  Also 
place  a  frog's  femur  in  a  few  ounces  of  satui'ated  solution  of 
picric  acid,  and  change  the  solution  daily.  After  a  few  days 
it  is  soft.  Embed,  cut,  and  stain.  In  the  cavities  known  as 
bone  corpuscles  the  nucleus  of  a  cell  is  seen.    Eanvier  recom- 
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mends  the  following  method  :  Place  a  fragment  of  bone  at 
once  in  absolute  alcohol  to  fix  the  elements,  then  in  saturated 
solution  of  picric  acid  until  soft,  then  in  gum  of  the  consistence 
of  syrup  for  24  hours,  then  in  alcohol  for  24  hours  longer. 
Embed  and  make  sections,  which  are  freed  from  the  gum  by 
being  placed  24  hours  in  water.    Then  stain. 

The  picric  acid  solution  is  suitable  for  the  cells  and  nuclei, 
and  the  chromic  acid  for  studying  the  trabeculas  in  new  bone. 
Piirpurine  colours  the  cells  after  chromic  acid. 

All  that  is  known  of  a  bone  cell  is  that  around  the  nuclei  a 
small  amount  of  granular  matter  can  be  stained.  From  this  in 
successful  preparations  very  fine  processes  can  be  sometimes 
traced  to  the  edge  of  the  "  corpuscle"  or  cavity. 

To  decalcify  adult  bone  it  is  sometimes  necessary  to  add  a 
few  drops  of  nitric  acid  to  the  chromic  acid  solution.  This 
should  not  be  done  until  after  the  first  few  days,  during  which 
period  the  soft  elements  are  fixed  by  the  latter.  In  all  cases 
it  is  advisable  to  use  a  large  volume  of  solution  and  to  change 
it  frequently. 

For  the  bloodvessels  of  bone  it  is  necessary  to  use  injected 
preparations  subsequently  decalcified.  Eed  marrow  is  best 
studied  by  placing  a  fragment  of  a  bone  which  contains  it, 
such  as  the  femur  of  a  young  rabbit  or  guinea-pig,  in  osmic 
acid  solution  for  several  hours,  then  decalcifying  in  picric  acid 
and  examining  sections  in  the  usual  manner.  Portions  should 
also  be  examined  fresh  in  serum  and  salt  solution. 

The  bone  corpuscles  and  canaliculi  can  be  seen  in  a  few 
minutes  by  the  following  method  :  Take  the  femur  of  a  young 
rabbit  and  with  strong  scissors  split  the  bone  longitudinally 
between  the  condyles.  With  forceps  detach  small  fragments 
of  new  bone  from  the  edge  of  the  medullary  cavity,  and  ex- 
amine them  in  |  per  cent,  salt  solution.  The  corpuscles  and 
canaliculi  are  not  better  seen  by  any  method.  The  elements 
of  the  marrow  can  be  studied  in  the  same  preparation.  Search 
at  the  same  time  for  granular  irregular  masses  with  a  number 
of  nuclei  or  nuclear  vacuoles.    These  are  the  so-called  osteo- 
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klasts  or  inyeloplaques.  They  should  be  compared  with  the 
similar  structures  named  giant  cells,  which  have  now  been 
found  in  a  great  number  of  morbid  tissues.  AVe  believe  that 
in  every  instance  these  structures  are  fragments  of  disinte- 
grating membranous  masses  produced  by  a  process  of  absorp- 
tion which  accompanies  physiological  or  pathological  changes. 

To  study  the  process  of  ossification  decalcify  the  femur  of 
young  animals  in  cliromic  and  picric  acids.  Make  sections 
parallel  to  the  long  axis  of  the  bone,  and  double  stain  in  log- 
wood and  carmine.  The  new  bone  stains  by  carmine  and  the 
cartilage  by  logwood.  The  cartUage  is  seen  to  persist  for  a 
time  in  thin  beams  which  project  amongst  the  masses  of  new 
bone.  The  beams  can  be  traced  for  a  certain  distance  into 
the  cartilage  substance  proper,  whilst  the  extension  of  new 
bloodvessels  and  the  absorption  of  cartilage  take  place  between 
them. 

In  thin  sections  search  for  a  fringe  of  cells  on  the  edge  of 
the  newly-forming  bone.  Observe  also  that  the  canaliculi  are 
left  in  the  bone  as  it  forms,  and  are  not  afterwards  hollowed 
out  of  it. 

The  same  class  of  sections  serves  for  a  study  of  the  relations 
of  the  periosteum  to  the  bone. 

Von  Ehner^  has  lately  shown  that  the  structui-e  of  bone  is 
in  the  main  identical  with  that  of  fibrillary  connective  tissue. 
Having  observed  that  in  thin  polished  sections  made  transverse  to 
the  long  axis  of  the  corpuscles,  tine  points  are  visible,  and  that  con- 
versely in  parallel  sections  a  fibrillated  appearance  is  iudicated,  he 
connected  the  two  appearances,  and  conceived  the  idea  that  the  tissue 
is  fibrillary,  the  points  being  transverse  sections  of  fibrillaj.  When 
bone  is  decalcified  in  acid,  the  gelatinous  tissue  swells  and  the 
fibrillary  appearance  is  lost.  It  is  therefore  necessary,  if  the  fibrillae 
are  to  be  preserved,  to  decalcify  without  causing  the  tissue  to  swell, 
and  this  he  efl'ects  by  the  following  method :  It  is  known  that  strong 
salt  solution  prevents  the  swelling  of  fibrillary  tissue  in  acids,  and 
Von  Ebner  ascertained  that  decalcification,  with  preservation  of  the 

1  "  Ueber  den  feineren  Ban  der  Knochensubstanz.  Sitzungsbericht 
der  K.  Akad.  der  Wissensch."  1875. 
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fibriUary  structure  of  bone,  is  produced  by  a  10  to  15  per  cent,  solu- 
tion of  common  salt,  which  contains  from  1  to  3  per  cent,  hydrochloric 
acid.  The  actual  mode  of  application  of  his  method  consists  m 
takin-  a  macerated  bleached  bone,  placing  it  in  a  quantity  of  cold 
saturated  solution  of  salt  mixed  with  an  equal  quantity  of  water, 
the  quantity  of  fluid  used  being  in  proportion  to  the  size  of  the  bone, 
and  addmg  to  it  during  the  course  of  a  days  successively  as 
much  acid  as  will  make  the  bone  flexible.  The  decalcified  bone  is 
then  placed  for  some  hours  in  a  current  of  water,  in  order  to  remove 
the  excess  of  acid.  It  is  next  placed  in  cold  saturated  solution  of  salt 
diluted  to  one  haU.  The  salt  solution  soon  becomes  acid,  and  is  then 
neutralised  by  very  weak  ammonia.  The  object  remains  sonie  time 
(1  to  7  days,  according  to  its  size)  in  the  salt  solution,  the  fluid  being 
shaken  daily.  It  is  frequently  tested,  and,  if  acid,  neutrahsed 
Larcre  bones  can  only  after  some  time  and  with  trouble  be  got 
neutral ;  but  with  smaU  bones  this  result  is  obtained  in  a  few  days. 
When  neutral,  the  bone  is  not  transparent  like  the  so-caUea  bone 
cartilage"  produced  by  the  ordinary  action  of  acids,  but  is  white 
and  non-transparent  like  bone  which  has  not  been  decalcified. 

Through  the  bone,  thus  prepared  for  examination,  sections  are  made, 
paraUel  and  perpendicular  to  the  long  axis,  and  in  various  oblique 
directions,  and  examined  in  water.  If  the  bone  is  not  quite  neutral, 
they  are  examined  in  10  per  cent,  salt  solution.  Parallel  sections 
are  also  scraped  with  a  scalpel,  and  the  substance  thus  removed 
is  spread  out  and  examined.  The  fibrUlse  which  are  thus  isolated, 
present  under  the  action  of  acids  and  alkalies  all  the  properties  of 
ordinary  fibriUary  tissue.  The  results  of  his  investigations  by  this 
and  other  methods,  for  the  detaUs  of  which  reference  must  be  made 
to  his  memoii-,  are  brought  together  by  Von  Ebner  in  the  foUowmg 
sentences  :  "  I.  The  gi-ound  substance  of  bone  is  composed  of  gela- 
tinous non-calcified  fibrilte,  which  are  held  together  by  a  cement 
substance  in  which  the  earthy  matters  are  contained.  II.  The  bone- 
fibriUa3  form  bundles  of  about  3/^  diameter.  These  bundles,  in  a 
single  layer  or  several  layers  over  each  other,  are  connected  -by 
numerous  anastomosing  fibrillse  which  are  given  off  at  an  acute 
angle,  and  thus  form  a  closely-interwoven  plate,  designated  a  primary 
lameUa.  If  several  primary  lameUte  f  oUow  each  other  with  a  sunilar 
direction  of  the  fibres,  secondary  lamellce  of  varymg  thickness  are 
formed,  the  lameUar  ai-rangement  being  both  m  cut  and  in  ground 
sections  so  much  the  more  conspicuous,  the  more  the  direction  of  the 
fibres  changes  in  consecutive  layers.  III.  The  bones  of  the  human 
adult  are  budt  up  of  a  number  of  small  portions,  which  are  of  mam- 
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fold  shape  and  bounded  by  uneven  irregular  surfaces.  They  hang 
together  only  partially  by  means  of  bundles  of  the  bone  fibrillre  ;  for 
the  most  part,  however,  they  are  completely  independent  of  each 
other,  and  are  only  bound  together  by  a  firm  cement.  These  por- 
tions may  be  limited  on  all  sides  by  others,  which  are  the  seat  of 
absorption  of  previously-formed  bone,  or  of  apposition  of  newly- 
formed  bone,  or  partly  by  absorption  and  partly  by  apposition  sur- 
faces. The  question  of  the  beginning  and  end  of  the  bone  lamellae 
is  thus  solved.  They  are  limited  either  by  a  gradual  transition 
into  the  irregvilar  iibrous  tissue  of  an  apposition-surface  or  by  the 
sharply  cut  out  border  of  a  surface  which  is  undergoing  absorption. 
IV.  The  fibrillte  may  be  without  definite  order  (as  on  the  apposition 
surfaces  in  the  cement  lines)  or  arranged  in  bundles.  The  bundles 
may  vary  considerably  in  thickness.  The  finer  bundles  may  form 
lamella?,  or  simply  a  tissue  with  arrangement  of  parallel  fibres.  The 
coarser  bundles  never  form  lamellaa,  but  may  form  a  special  variety 
of  bone  tissue  by  interweaving  in  different  directions.  There  are 
thus,  in  all,  three  kinds  of  bony  tissue  :  1,  felted  bony  tissue ;  2, 
bony  tissue  with  parallel  fibres  ;  3,  lamellar  bony  tissue." 

We  have  obtained  preparations  showing  the  bundles  which  com- 
pose the  bony  tissue,  by  the  following  method  :  Portions  of  the 
femur  of  a  frog  are  placed  in  J  per  cMit.  solution  of  osmic  acid  for 
1  to  2  days,  then  decalcified  by  picric  acid.  In  thin  longitudinal 
sections,  parallel  bundles,  having  a  breadth  nearly  equal  to  that  of  a 
human  red  blood  corpuscle,  can  be  sometimes  distinctly  seen. 

Sharpey's  fibres  consist  of  isolated  bundles  of  bony  tissue 
which  penetrate  the  bone  from  the  periosteum.  They  are 
seen  when  the  lamellse  are  torn  asunder. 

Teeth,  like  bone,  must  be  ground  or  decalcified.  It  is  not 
practicable  to  make  sections  with  a  saw.  Exner  gives  the 
following  method  :  Drop  melted  wax  on  the  end  of  a  cork 
until  the  tooth  can  be  fastened  in  it.  Then  add  more  wax 
until  the  tooth  is  completely  covered.  Grind  wax  and  tooth 
very  carefully  on  an  ordinary  grinding-stone  which  is  turned 
with  a  handle.  AVhen  a  smooth  surface  has  been  obtained 
soften  the  wax  and  remove  the  tooth.  Embed  it  a  second 
time  with  the  ground  surface  downwards  and  grind  as  before 
until  the  wax  can  be  seen  through  the  tooth  substance.  Then 
finish  with  pumice-stone  and  a  hone  as  for  a  section  of  bone. 
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The  methods  used  iu  the  study  of  bone  are  appHcable  to 
that  of  the  teeth.    This  is  also  the  case  Avith  Von  Ebner's 

method.  .  ^ 

Striped  Muscle. -The  breast  muscles  or  thin  muscles 
attached  to  the  lower  jaw  of  the  frog  maybe  conveniently 
selected  for  examination  in  h  per  cent,  salt  solution  to  show 
the  fibres  and  the  striation.  _ 

To  see  the  sarcolemma  treat  fresh  muscular  fibres  with  water. 
To  see  some  of  the  nuclei  connected  with  the  sarcolemma  treat 
fresh  muscle  with  dilute  acetic  acid. 

For  a  further  study  of  the  structure  of  the  fibres  the  follow- 
in-  methods  will  be  found  useful :  Dissect  the  skin  from  the 
leg  of  a  frog  and  cut  the  femur  across  at  its  middle.  Place 
the  separated  part  of  the  limb  in  a  pint  of  x  per  cent,  solution 
of  chromic  acid.  Change  the  solution  frequently  for  3  weeks. 
Embed  the  fleshy  part  of  the  gastrocnemius  and  make  trans- 
verse sections,  taking  care  that  the  knife  is  very  sharp.  Moat 
the  thinnest  of  the  sections  direct  from  the  knife  to  a  shde, 
draw  a  current  of  water  over  them  by  filter-paper,  add  a  drop 
of  lo-wood  solution  until  staining  takes  place  (as  observed 
unde?  a  low  power),  wash  by  another  current  of  water,  then 
add  a  drop  of  glycerine,  put  on  a  cover-glass  and  examine. 
These  operations  must  be  so  carefully  and  gently  done  that  the 
section  is  not  moved  nor  injured.  After  the  cover-glass  is 
applied  the  glycerine,  which  is  necessarily  diluted  with  water, 
shouid  be  replaced  by  drawing  through  pure  glycerme. 

In  such  a  section  each  muscular  fibre  is  seen  to  be  surrounded 
by  a  ring  of  delicate  connective  tissue.  The  rings  communicate 
and  form  a  network.  There  is  a  clear  space  between  the 
mesh  and  the  muscular  fibre.  In  the  fibre  itself  there  is  to 
be  seen  the  sarcolemma  in  section  and  Avithin  the  sarcolemma 
sections  of  the  fibrillre.  (In  parts  of  such  sections  we  have 
been  able  to  distinguish  fine  groups  of  fibrillse,  each  group  cor- 
responding to  one  of  Cohnheim's  fields.) 

Tease  out  very  gently  some  of  the  thicker  sections  and  ex- 
amine them  in  glycerine.  ^  The  parts  of  the  fibrillar  removed  m 
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the  section  can  then  be  seen  lengthwise.  It  can  be  observed 
that  each  fibrilla  is  a  fine  cylindrical  element,  and  that  all  the 
fibrilla3  have  the  same  thickness. 

Place  a  leg  of  a  frog,  similarly  prepared,  fresh,  in  equal  parts 
of  water  and  alcohol  for  several  days.  Cut  sections  of  muscle 
and  examine  the  fibrillsa. 

Place  a  small  portion  of  the  gastrocnemius  of  a  frog  in  J-  per 
cent,  gold  solution  for  20  to  30  minutes.  Then  expose  to 
light  for  several  days  in  water  acidulated  with  acetic  acid. 
Tease  out  the  individual  fibres  carefully  in  glycerine.  Examine 
the  fibrilla;.  It  will  be  observed  that  they  adhere  to  each 
other  with  considerable  tenacity,  and  that  it  is  only  at  some 
parts  that  an  isolated  individual  fibrilla  can  be  seen.  Ad- 
herent to  the  fibrillse  is  a  greater  or  less  quantity  of  a  dark  sub- 
stance, which  is  especially  marked  at  points  corresponding  to 
the  transverse  striation.  Even  on  the  isolated  fibrilla  this 
substance  is  to  be  seen. 

Compare  the  results  of  the  treatment  by  chromic  acid, 
diluted  alcohol,  and  gold  with  the  object  of  determining 
whether  the  fibrilla  is  a  definite  structural  unit  or  whether 
there  is  a  possibility  of  fibrillation  in  muscle  to  an  indefinite 
extent. 

We  believe  that  the  fibrilla  is  a  definite  element,  which  is 
isolable  by  various  methods,  and  that  it  is  not  a  result  of 
fibrillation  produced  by  reagents.  The  figures  of  fibrillaj  in 
text-books  are  mostly  representations  of  a  number  of  fibrilla 
closely  adherent  to  each  other. 

Make  transverse  sections  of  frozen  muscle  and  examine  them 
in  J  per  cent,  salt  solution.  Observe  that  the  section  of  a  fibre 
is  made  up  of  minute  structures  mostly  with  3  and  4,  but 
sometimes  with  5,  sides.  Cohnheim  was  the  first  to  describe 
this  appearance,  and  the  elements  are  named  "  Cohuheim's 
fields." 

We  have  observed  them  satisfactorily  by  the  following 
method  :  Fresh  muscle  is  cut  transversely  with  sharp  scissors, 
the  thin  pieces  so  excised  placed  in  a  strong  solution  of  extract 
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Of  logwood  and  alum,  and  the  excess  of  colouring  removed  hy 

acetic  acid.  '  ,  , 

Eanvier  C'Trait6  technique")  states  that  they  can  be  seen 
after  the  action  of  h  per  cent,  solution  of  alum  and  of  alcohol 
diluted  to  a  third,  and  also  by  the  following  method  :  Lay 
bare  the  sartorius  of  a  frog  and  inject  1  per  cent,  solution  o 
osmic  acid  into  its  substance.  Remove  the  muscle  and  place  it 
in  alcohol.  Place  it  afterwards  in  solution  of  gum  and  again 
in  alcohol  to  harden  the  gum.  Then  cut  transverse  sections 
which  are  freed  from  gum  in  water  and  examined  in  glycerine. 

Place  fresh  muscular  fibres  in  1  per  cent,  acetic  acid  or  ^  to 
J-  per  cent,  hydrochloric  acid.  After  some  time  it  will  be 
found  that  the  longitudinal  marking  has  disappeared,  and  that 
the  transverse  marking  is  unusually  distinct.  It  will  be  also 
seen  that  the  fibre  has  a  tendency  to  cleave  into  transverse 
discs,  the  cleavage  taking  place  in  a  line  with  the  transverse 
marking.  The  cleavage  takes  place  through  the  whole  thick- 
ness of  the  fibre.  . 

Place  fresh  fibres  in  concentrated  solution  of  carmine  until 
they  are  saturated  with  the  dye.  Then  place  them  m  diluted 
acetic  acid  until  they  are  pale  in  colour  and  examine  m 
glycerme.  The  fibres  are  seen  to  be  snared  by  fiue  thread- 
Hke  filaments  (spiral  fibres),  and  bulge  between  the  snared 
points. 

As  Cohnheim's  fields  are  invariably  found  in  properly  pre- 
pared muscular  fibre,  it  necessarily  follows  that  the  fibre  is  con- 
stituted by  a  number  of  parallel  cylindrical  structures  enclosed 
by  the  sarcolemma.  These  structures  are  seen  imperfectly  by 
many  of  the  usual  methods,  the  spaces  between  them  being 
indicated  by  lines  of  minute  granules,  which  are  described  by 
some  authors  as  protoplasm— an  unsupported  assumption  re- 
garding their  nature.  The  structures  themselves  were  described 
by  Leydig  as  primitm  cylinders.  We  have  described  them  as 
primcmj  himdles,  in  order  to  indicate  that  they  are  analogous  m 
general  structure  to  similar  elements  in  connective  tissue,  and 
that  they  do  not  represent  the  ultimate  formed  unit,  which  we 
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believe  to  be  represented  by  tlie  fibrilla,  each  element  being  a 
bundle  of  fibrillaj. 

These  primitive  cylinders  or  bundles  are  capable  of  demon- 
stration. Ranvier  gives  the  following  method :  Eemove  the 
thigh  of  a  frog  with  part  of  the  pelvis  and  tibia  attached  (so  as 
to  preserve  the  muscles  in  extension)  and  place  it  for  several 
minutes  in  -}  per  cent,  solution  of  osmic  acid.  Then  place  it 
in  water  and  detach  some  of  the  superficial  fibres.  After  being 
24  hours  in  1  per  cent,  solution  of  picrocarminate  place  them 
on  a  slide  in  a  drop  of  pure  acetic  acid,  and  press  them  with  a 
cover-glass.  Substitute  glycerine  for  the  acetic  acid  and  the 
preparation  is  permanent. 

Eemove  a  bundle  of  muscular  fibres  of  the  wing  of  the  water- 
beetle  and  place  it  on  a  slide,  isolate  the  fibres  as  quickly  as 
possible  with  very  fine  needles  and  without  addmg  any  hquid. 
The  half-drying  process  which  they  thus  undergo  facilitates  the 
extension  of  the  fibres.    To  prevent  their  becoming  quite  dry 
it  is  sufficient  to  keep  them  moist  by  breathing  on  them.  Place 
on  the  fibres  several  drops  of  solution  of  hematoxylin  (Boeh- 
mer's).    In  a  few  minutes,  when  they  are  coloured,  remove  the 
dye  by  drawing  water  over  them  (without  disturbing  the 
fibres).    Repeat  this  successively  with  absolute  alcohol  and  oil 
of  cloves  and  finally  with  Canada  balsam,  in  which  [they  are 
permanent.    The  muscular  fibre  is  found  not  to  be  equally 
stained  throughout.    In  favourable  preparations  and  with  a 
high  power  the  following  appearances  are  to  be  seen  :  Broad 
coloured  bands  and  unstained  bands  alternate  with  each  other. 
Further,  a  faintly  coloured  line  divides  the  unstained  band 
transversely  into  two  portions,  and  the  broad  stained  band  is 
also  divided  into  two  portions  transversely  by  a  central  faintly 
stained  part :  the  former  corresponding  to  the  ordinary  trans- 
verse marking,  the  latter  to  Hensen's  stripe  (Ranvier,  I.e.). 
We  have  observed  the  same  appearances  by  the  following 
simple  methods  :  Place  the  leg  of  a  crab  entire  in  equal  parts 
of  methylated  alcohol  and  water  for  from  24  to  48  hours. 
Then  break  it  and  excise  a  portion  of  muscle,  tease  it  out,  stain 
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ia  logwood,  aad  examiae  ia  glyceriae.    The  alternaUon  of  th 
stained  aud  uasbaiaed  bands  is  very  dbtinct.    On  account  ot 
the  action  of  the  alcohol  it  is  easy  to  tease  f^^^^^  ^^^^'^  'f  l 

lougMnal  fragments  in  which  the  ^-^^'^''T'TZZt^^^ 
bnndles  or  cylinders  can  be  sometimes  observed.  The  alterna 
tion  of  staining  can  be  seen  on  these  fragments,  even  the 

smallest  of  them.  .  , 

In  order  to  observe  what  it  is  that  stams,  we  recommend 
a  series  of  preparations  to  be  made  as  follows  :  Wrench  off 
several  legs  from  a  crab,  and  place  them  m  a  small  covered 
capsule  without  the  addition  of  any  fluid.    Begin  after  a  few 
hours  to  open  them,  and  tease  the  fibres  in  glycerme  strongly 
tin-ed  with  picrocarminate.    Repeat  the  process  on  others  at 
intervals  of  1,  2,  and  3  days.     Tease  out  and  examme. 
Amon-st  the  preparations  so  made,  the  following  appearances 
are  to°be  found.    In  fibres  in  wiiich  the  alternate  stammg 
exists  the  minute  fibrillaj  can  be  traced  unbroken  through  the 
stained  and  unstained  portions.     In  the  stained  bands,  the 
coloured  matter  is  observed  to  be  diffused  amongst  the  fibrillse, 
and  faintly  stained  fibrillar  can  sometimes  be  observed  in  a 
much  more  deeply  stained  medium.    In  other  preparations 
the  stained  formless  substance  is  continued  indefinitely  through 
the  fibre  :  the  fibrill^e  can  be  seen  in  it,  but  all  appearance  of 
alternate  stained  and  unstained  bands  has  vanished. 

Treat  some  of  the  preparations  in  which  the  alternate 
stained  bands  are  weU  seen,  and  in  which  the  staining  has  been 
intense,  by  acetic  acid,  and  search  for  parts  in  which  transverse 
cleavage  has  taken  place.  It  wiU  be  then  observed  that  the 
cleavage  takes  place  between  the  stained  bands. 

The  conclusion  we  draw  from  these  stained,  preparations  is, 
that  the  substance  in  a  muscular  fibre  which  colours  in  picro- 
caxminate  and  logwood,  is  not  identical  with  the  fibrillre,  and 
that  it  is  frequently  found  accumulated  in  distinctly  demarcated 
portions  of  the  constituent  parts  of  the  muscle,  the  intermediate 
parts  being  free  from  it.  It  is  possible  that  this  condition  is 
constant  in  living  muscle.    In  our  opinion,  it  does  not  show 
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that  the  primitive  cylinder  or  bundle  is  made  up  of  discs  of 
different  substances  interpolated  between  each  other  —  an 
hypothesis  that  has  been  formed  to  explain  this  and  other 
appearances. 

In  some  of  the  picrocarminate  preparations  prepared  in  this 
•way,  we  have  observed  in  the  substance  of  the  fibre  a  number 
of  minute  oval  nuclei,  very  much  smaller  than  the  other  nuclei 
which  can  by  certain  methods  be  observed  in  muscular  fibre. 

To  observe  the  phenomenon  of  muscular  contraction,  tear 
out  the  leg  of  a  water  beetle,  cut  the  carapace  of  the  largest 
joint,  remove  the  muscle  quickly  and  carefully,  and  examine 
it  in  the  drop  of  fluid  which  oozes  from  the  wound  (Eanvier)' 
or  in  Avhite  of  egg  (Merkel).  To  prevent  evaporation,  seal 
the  preparation  in  paraffin. 

The  fresh  muscular  fibres  of  the  common  crab  found  on  our 
coasts  form  a  beautiful  and  instructive  object  of  study,  and 
especially  for  the  observation  of  the  transverse  markings. 
These  can  be  traced  in  direct  parallel  lines  across  the  fibres, 
the  stripe  from  one  fibre  being  continued  optically  unbroken 
into  that  of  its  fellow — an  observation  that  ill  accords  with 
the  supposition  that  the  strife  correspond  to  separate  minute 
discs  in  each  individual  primary  cylinder  or  bundle  of  a 
fibre. 

Eanvier  (I.e.)  has  lately  studied  the  conditions  of  contraction  by 
injecting  osmic  acid  into  the  muscle  of  a  rabbit  :  1,  relaxed  by  the- 
position  of  the  Kmb  ;  2,  extended  ;  and  3,  by  exciting  contraction 
ID  an  extended  muscle.  This  is  done  by  fixing  an  electrode  in  one 
end  of  the  muscle,  the  otiier  electrode  being  iu  the  syringe.  Thirty 
to  forty  shocks  a  second  are  given,  and  the  osmic  acid  is  then  in- 
jected. The  conclusion  drawn  from  the  appearances  observed  is, 
that  contraction  is  attended  by  a  change  in  the  relative  position  of 
some  of  those  constituent  parts  of  the  fibre,  which  produce  the 
appearance  of  alternating  discs. 

There  are  other  facts  of  importance  regai-ding  the  structure  of 
muscle  which  we  have  described  in  detail  elsewhere.  The  methods 
by  which  they  were  obtained  are  successful  in  exceptional  instances, 
and  we  can  only  recommend  those  to  repeat  them  who  are  willing 
to  devote  to  the  subject  the  time  and  labour  requii-ed  for  a  loug  in- 
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vestigatioa,  aud  who  are  not  to  be  discouraged  by  repealed 

^'^urtransverse  portions  of  the  fresh  gastrocnemius  of  a  frog,  place 
them  20  to  40  minutes  in  i  per  cent,  gold  solution,  and  expose  them 
to  sunUght  in  acidulated  water,  until  they  are  dark  in  colour. 
Seai-ch  for  the  foUowing  appearances  :  ,       ,  , 

1  The  transverse  section  of  a  tibre  shows  the  muscle  substance 
contracted  towards  the  sarcolemma,  producing  the  appearance  ot  a 

central  canal.  „     „    ,  , 

2  In  teased  fibres,  search  amongst  the  fibrilte  for  flattened  narrow 
elonc^ated  cellular  elements,  lying  paraUel  to  the  long  axis  of  the 
fibre"  and  for  rounded  or  oblong  ilattened  cellular  elements. 

3  In  transverse  section  the  surface  is  sometimes  seen  divided 
into  compartments  by  a  dark  network,  with  central  nodal  points 
in  which  nuclei  may  be  observed.  (Each  of  these  compartments 
corresponds  to  an  area  which  would  contain  a  considerable 
number  of  Cohnheim's  fields.  We  have  designated  them  secondary 
bundles.) 

Macerate  portions  of  fibres  stained  by  gold  in  the  manner  ]ust 
indicated,  in  the  ordinary  concentrated  acetic  acid  of  commerce  for 
periods  varying  from  6  to  24  hours,  and  place  some  of  them  with 
the  acid  in  test  tubes,  which  are  kept  in  a  water-bath  for  a  similar 
period  at  a  temperature  of  100°  to  110°  Fahr.  Tease  out  the  fibres 
carefidly,  and  search  for  isolated  portions  of  a  network  of  very  fine 
fibres  with  narrow  meshes.  Intercalated  at 
several  points  of  the  network  are  small  masses 
of  cellular  substance  deeply  stained  by  the 
gold.  A  portion  of  such  a  network  is  shown 
in  fig.  4. 

By  mixing  ^  per  cent,  solution  of  chloride 
of  gold  with  acetic  acid  in  varying  propor- 
tions, and  sealing  fresh  muscular  fibres  in  the 
mixture  on  a  slide  by  Brunswick  black  or  N  t    o  k 

asphalt,  a  combined  action  is  produced  which  ^S^^^-^^  f.-oVmus- 
throws  light  on  the  structure  of  the  fibre.  ^^^.^  ^^^^^ 

In  some  preparations  the  fluids  should  be  in 

equal  parts,  aud  in  some  the  acetic  acid  should  be  in  excess.  The 
preparations  should  be  examined  frequently  over  a  period  of  days. 
The  following  appearances  are  to  be  looked  for : 

1.  The  substance  of  the  muscular  fibre  is  very  transparent,  and 
in;,the  transparent  medium  a  number  of  delicate  fibres  with  elon- 
gated oval  swelHngs  can  be  seen.    They  are  parallel  to  each  other, 
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and  can  be  occasionally  seen  to  project  beyond  the  edge  of  the 
muscle  substance.    This  appearance  is  shown  in  fig.  5. 


Fig.  5.    Muscular  fibre  of  frog  sealed  iu  a  mixture  of  gold  solu- 
tion and  acetic  acid. 

2.  The  muscle  substance  is  extruded  from  the  fibre  proper  in  the 
form  of  minute  discs,  which  are  seen  singly  and  in  gi-oups.  We 
have  observed  these  discs  in  the  muscular  fibre  of  the  mouse.  They 
are  about  the  size  of  a  human  red  blood  corpuscle.  The  appear- 
ance highly  magnified  is  shown  in  fig.  6. 

The  groups  in  this  figure  indicate,  in  our  opinion,  the  larger  com- 
partments in  the  fibre  which  we  have  described  as  secondary 
bundles,  and  we  have  advanced  as  a  reasonable  hypothesis  the 
theory  that  the  discs  are  produced  hy  the  acetic  acid  caiisLng  the 
bundles  to  swell  against  the  fibres  of  the  network — the  increased 
consistence  which  renders  this  possible  being  the  effect  of  the  gold 
solution. 

In  a  muscular  fibre  of  the  mouse,  treated  first  by  cUoride  of  gold 
and  then  sealed  on  a  slide  in  dilute  acetic  acid,  we  found,  after  12 
months,  that  one  part  of  the  fibre  showed  the  transverse  markings 
as  hoop-like  rings  surrounding  the  fibre,  whilst  at  another  there  was  no 
appearance  of  markings  or  rings,  but  bulging  fibrillte,  spreading  out 
as  if  unconfined  by  any  constricting  element.  The  whole  appear- 
ance might  be  aptly  compared  to  that  of  a  birch  broom. 

In  fibres  of  the  frog  which  had  been  stained  by  logwood  aud  pre- 
served over  a  long  period  in  glycerine,  we  found  a  perfect  demon- 
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ricr  6.    Muscular  fibre  of  mouse.    Discs  of  primary  bimdles  of 
"fibre  produced  by  combiued  action  of  gold  and  acetic  acid. 


Muscular  fibre  may  also  be  advantageously  studied  by  the  action 
of  saturated  solution  of  caustic  potash.  In  the  fibres  of  frog's 
muscle,  treated  by  this  method,  appearances  indicative  of  oue,  and 
sometimes  two  central  canals,  filled  with  nuclei,  are  seen,  and  cor- 
respond to  similar  appearances  figured  by  Amici  in  a  memoir,  trans- 
lated in  the  16th  volume  of  Virchow's  "  Archiv."  (1859).    It  does 

1  For  further  details  regarding  this  ol:)servation  and  the  methods, 
■we  refer  to  a  memoir  on  The  Structure  of  Muscular  Fibre,"  in  the 
Quart.  Journ.  of  Mic.  ,)!cieiics  for  ia76. 
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not  follow  that  these  are  closed  cauals.  They  are  probably  larfje 
spaces  between  the  bundles,  the  celhdar  structures  belonging  to  the 
investing  cells  of  the  latter.  By  maintaining  the  temperature  of  tlie 
potash  over  a  period  of  hours,  instructive  stages  in  the  disintegra- 
tion it  causes  are  to  be  observed.  Amongst  these  are  oval,  clean-cut 
holes  in  the  sarcolerama,  which  may  correspond  to  the  position 
of  the  "  end-plates  "  to  which  the  medullated  nerve  fibres  can  be 
traced.  It  is  through  these  holes  that  nerve  fibrils  probably  pass 
into  the  interior  of  the  fibre.  They  also  afiford  a  ready  means  of 
communication  between  the  parts  external  and  internal  to  the  sar- 
colemma,  and  allow  a  free  passage  for  the  lymph. 

When  fresh  muscular  fibres  ar^  treated  by  weak  acids,  and  swell 
slowly,  the  sides  of  the  fibre  in  optical  section  show  a  regular  series 
of  bulgings  and  constrictions.  The  constrictions  correspond  to  the 
transverse  stripes,  and  prove  that  there  is  a  substance  in  these  lines 
that  resists  swelling  in  acids,  and  that  exercises  pressure  on  the 
swelling  muscle  substance.  It  is  to  be  remembered  that  it  is  in  the 
same  lines  that  transverse  cleavage  takes  place.  These  facts,  taken 
in  conjunction  with  the  isolation  of  a  transverse  network,  have  led 
us  to  suggest  the  network  as  a  cause  of  the  transverse  stripe  or  line, 
and  its  cutting  action  in  swelling  muscle  as  the  cause  of  transverse 
cleavage. 

This  explanation  does  not,  of  course,  apply  to  the  intei-mediary 
disc  of  Henseu,  seen  by  various  modes  of  preparation,  which  crosses 
the  bundles  or  cylinders  between  the  ordinary  transverse  stripes. 
It  probably  depends  on  a  peculiar  disposition  of  the  interfibrillary 
substance.  . 

If  the  leg  of  a  water-beetle  is  torn  out  of  its  socket,  the  cMtinous 
case  quickly  laid  open,  the  muscle  removed  with  scissors,  and,  after 
being  rapidly  teased  on  a  slide  with  needles,  examined  under  the 
microscope,  waves  of  contraction  may  be  observed  passmg  along 
some  of  the  fibres. 

An  examination  of  fresh  muscular  fibres  may  be  made  in  the 
same  preparations.  The  study  is  very  interesting,  but  with  our 
present  instruments  is  not  fitted  to  throw  much  light  on  the  elemen- 
tary structure.  Indeed,  the  latest  observers  by  this  method  do  not 
seem  to  have  had  results  so  successful  as  those  published  by  Amici 
(I.e.)  nearly  twenty  years  ago. 

We  have  observed  an  appearance  in  some  of  the  fibres  from  the 
crab's  leg,  treated  by  the  above  methods,  which  has  been  noticed 
before  and  is  worth  noting.  The  fibrillce  formed  paraUel  zigzags 
in  the  fibre,  the  angle  of  the  zigzag  corresponding  to  the  transverse 
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stripe  It  is  clear  that  this  condition  might  be  connected  with  a 
Irteningand  swelling  of  the  fibre,  and  the  fibres  in  which  it  is 
found  may  possibly  have  been  arrested  m  contraction. 

It  is  vosSue  to'show  colourless  sUver  fields  in   he  Bubs  ance  of 
the  muscular  fibres  of  the  frog  (Cohnheim).    For  this  Gerlach  re- 
commends the  following  method:  Prepare  f^^^^f      f^' J^f 
fii-st  with  \  per  cent,  salt  solution,  the  second  with  distiUed  water, 
the  third  with  ,V  per  cent,  solution  of  nitrate  f  f  ^^^l Z^;'^^ 
fourth  a-ain  with  distilled  water.    A  few  drops  of  the  salt  solution 
are  placed  on  a  cover-glass,  in  which  muscular  fibres  from  a  newly- 
kiUed  frocr  are  isolated  as  completely  as  possible  under  a  dissection 
lens    After  they  are  thus  prepared  they  are  allowed  to  remain  m 
contact  with  the  salt  solution  for  8  to  10  minutes.    They  are  then 
quickly  di-awn  through  the  distiUed  water  of  the  second  watch-glass 
to  remove  the  solution  which  is  external  to  the  fibres,  but  not 
to  remove  that  which  has  penetrated  into  their  substance.  They 
are  next  placed  in  the  thii-d  watch-glass  (the  ^  per  cent,  silver 
solution),  and  remain  in  it  until  they  assume  a  dull  white  colour, 
which  is  generaUy  the  case  in  half  a  minute.    The  fibres  are  then 
carefully  washed  in  the  fourth  watch-glass,  and  finaUy  exposed  to 
direct  sunlight  from  5  to  10  minutes,  until  they  are  of  a  reddish-brown 
colour    They  are  next  placed  for  3  to  4  minutes  in  ^  per  cent, 
solution  of  hydrochloric  acid,  in  which  fluid  they  are  again  carefully 
isolated,  and  are  then  ready  for  examination.    They  can  be  pre- 
served in  glycerine  or,  after  treatment  with  alcohol,  m  Canada  bal- 
sam.   The  "  fields  "  in  the  substance  of  the  fibre  thus  obtained  are 
in  successful  preparations  elongated  colourless  bands,  sometimes  of 
considerable  length.    They  communicate  with  each  other  by  anasto- 
moses.   Their  interpretation  wiU  depend  on  the  views  held  regard- 
ing the  structure  of  muscular  fibre.    According  to  our  opinions  on 
that  question,  they  correspond  to  interfascicular  spaces. 

The  tmion  of  muscle  and  tendon  may  be  studied  by  two  methods. 
If  a  thin  muscle,  ending  in  a  straight  tendon,  is  placed  for  some 
hours  in  A  per  cent,  osmic  acid  and  the  preparation  is  carefully  teased 
out  in  glycerine,  it  is  possible  to  trace  the  constituent  parts  of  some 
of  the  muscular  fibres  in  direct  continuity  with  the  tendinous  struc- 
tures. That  the  continuity  is  not  simply  one  of  the  sarcolemma  is 
shown  by  its  being  observed  to  hold  good  for  parts  of  the  fibre.  In 
muscular  fibres  which  meet  their  tendon  obliquely  or  which  end  in 
an  aponeurosis,  this  is  less  evident,  but  even  here  the  conical  end  of 
the  fibre  can  be  traced  into  a  purely  fibrous  tissue,  which  is  of  much 
smaller  cahbre  than  the  fibre.    But  if,  on  the  other  hand,  a  muscle 
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•with  its  tendon  is  placed  in  40  per  cent,  solution  of  potaBh,  the  fibres 
retract  from  the  tendon,  the  conical  end  of  each  fibre  con-esponding 
a  concave  surface  of  tendinous  substance.  In  order  to  reconcile  this 
observation  with  that  of  the  osmic  acid  preparations,  we  must  either 
suppose  that  the  union  between  the  muscle  and  tendon,  seen  in 
the  latter,  is  only  an  apparent  one,  or  that  it  is  formed  by  some  sub- 
stance which  is  neither  muscle  nor  tendon,  or  that  there  is  a  force  in 
action  at  the  point  of  junction  which  is  not  in  force  at  any  other 
part  of  the  tendon.  The  two  former  suppositions  are  not  supported 
by  any  known  fact,  and  they  are  not  in  accordance  with  the  direct 
continuity  observed  in  well-teased-out  osmic  acid  preparations. 
We  therefore  prefer  to  adopt  the  last  of  them,  and  to  believe  that 
changes  produced  in  the  muscle  substance  by  the  strong  alkali  cause 
the  displacement  which  is  observed.  It  may  well  be  that,  although 
there  is  a  continuity  of  fibrillss,  the  fibrilla;  in  the  muscle  substance 
are  less  resisting  than  those  which  are  found  in  tendon. 

Involuntary  Muscle.— Convenient  objects  for  the  isolation 
of  tfie  cells  are  the  stomach,  intestine  or  bladder  of  the 
frog,  or  intestine  or  uterus  of  mammalia.  Maceration  for 
from  24  to  72  hours  in  20  per  cent,  nitric  acid,  or  from  15  to 
30  minutes  in  35  per  cent,  potash  solution. 

By  treatment  with  saturated  potash  solution  they  can  be 
seen  instantaneously.  They  can  also  be  isolated  in  weak  solu- 
tions of  chromic  acid  and  bichromate  of  potash. 

They  can  be  seen  in  optical  section  in  small  arteries  in  gold 
preparations  of  the  omentum. 

To  see  their  arrangement  in  bundles,  freeze  and  examine 
the  sections  in  iodised  serum. 

To  show  that  the  cells  are  fibrillated,  Eanvier  recommends 
the  distension  of  a  piece  of  intestine  with  alcohol.  It  is 
secured  by  loops  and  placed  further  in  alcohol  for  2  days. 
The  muscular  coat  is  stripped  off  in  fragments  by  forceps, 
stained  and  examined. 

In  the  fresh  tissue,  treated  by  silver  solution,  the  outHnes 
of  the  cells  are  indicated  by  dark  lines. 

Krause  states  that  the  ceUs  can  be  isolated  by  maceration 
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for  several  clays  in  10  per  cent,  salt  solution.  He  states  also 
that  transverse  markings  can  be  observed  in  fibres  from  the 
oesophagus  of  man  examined  in  water  several  hours  after 
death. 

Nerve.— To  see  medullated  nerve  fibres,  cut  out  a  piece  of 
the  sciatic  nerve  of  a  newly-killed  frog,  place  it  immediately 
on  a  slide  in  a  drop  of  blood  serum,  and  cut  it  against  the  shde 
into  longitudinal  fragments  with  a  sharp  knife.  Cover  and 
examine. 

Instead  of  simple  serum,  iodised  serum  may  be  used,  and 
the  preparation  at  once  sealed  by  Brunswick  black.  It  can 
then  be  examined  at  leisure.  If  carefully  put  up,  the  fibres 
remain  for  one  or  two  days  scarcely  altered. 

The  coagulation  of  the  myeline,  which  usually  begins  to 
show  itself  almost  as  soon  as  the  fibres  are  placed  on  the  cover- 
glass,  can  be  accelerated  by  adding  a  little  water. 

Lay  bare  the  sciatic  nerve  of  the  frog,  and  let  fall  on  it  imme- 
diately some  drops  of  osmic  acid  solution.  Cut  out  a  portion 
and  place  it  for  10  or  20  minutes  longer  in  a  few  drops  of  the 
same  solution.  Divide  it  into  several  pieces.  Tease  out  one  in 
glycerine.  Stain  others  in  picrocarminate,  aniline,  and  log- 
wood respectively.  Tease  out  and  examine  in  glycerine. 
Observe  the  medullated  fibre  stained  black,  the  remains  of  the 
delicate  connective  tissue  sheath  around  each  fibre  where  it 
persists,  and  nuclei.  Look  for  fibres  in  which  there  is  a  con- 
striction or  snaring— Ranvier's  nodes.  This  appearance  may 
be  seen  in  every  peripheral  nerve  fibre  after  certain  modes  of 
preparation. 

Seal  a  portion  of  a  nerve  in  blood  serum,  and  examine  it 
after  some  hours,  and  over  a  period  of  several  days.  In  some 
of  the  fibres  a  transverse  hyaline  line  may  be  observed.  It 
corresponds  to  Eanvier's  nodes. 

The  Kanvier  nodes  as  seen  in  fibres  treated  by  osmic  acid,  and  as 
•they  are  generally  described,  consist  of  a  series  of  breaks  or 
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intennptions  in  the  medulla,  -which  divide  the  nerve  fibre 
into  segments.  At  the  ends  of  the  segments  the  medulla  sud- 
denly tapers,  and  a  distinct  space,  unoccupied  by  medulla,  is  left 
between  the  segments.  In  this  apparently  non-medullated  space, 
the  axis  cylinder  is  often  seen  very  distinctly.  In  the  sealed  serum 
preparations,  on  the  other  hand,  the  medulla  is  unbroken  through- 
out, undergoing  no  constriction,  and  the  straight  fine  hyaline  line 
-which  crosses  it  does  not  seem  to  be  connected  -with  any  displace- 
ment. That  the  condition  seen  in  the  serum  preparations  con-es- 
ponds  to  the  condition  in  life,  and  that  the  constriction  and  separa- 
tion of  the  medulla  of  the  different  segments  is  artificial,  may  be 
shown  by  the  following  method  :■  Pith  a  frog  and  dissect  the  skin  from 
one  of  the  legs.  Pass  a  ligature  firmly,  but  not  with  much  tightness, 
round  the  thigh,  near  the  head  of  the  femur,  and  another  near  the 
knee.  Separate  the  thigh  above  the  upper  ligature  and  belowthe  lower. 
Cutoff  those  muscles  that  are  not  in  immediate  contact  with  the  sciatic 
nerve  :  the  nerve  itself  must  not  be  exposed.  Place  the  whole  in 
^  per  cent,  solution  of  osmic  acid  for  24  hours.  Then  dissect  out 
the  nerve.  The  part  at  the  cut  ends  will  be  found  black,  and  the 
central  part  perhaps  scarcely  coloured  at  all.  Tease  out  and  examine 
in  nearly  saturated  solution  of  acetate  of  potash  an  intermediate  por- 
tion in  which  the  action  of  the  acid  has  been  moderate  and  gi-adual, 
and  find  fibres  in  which  the  nodes  are  visible.  It  will  then  be 
observed  that  they  are  indicated  by  a  fine  straight  line  which  crosses 
the  fibre,  the  appearance  seen  in  the  sealed  serum  preparations 
being  exactly  reproduced.  There  is  no  depression  or  constriction  of 
the  medulla  at  the  extremities  of  the  line,  the  borders  of  the  seg- 
ments accurately  fitting  each  other.  The  appearance  is  the  same  as 
if  a  cylinder  had  been  evenly  cut  through  and  the  two  ends  accu- 
rately apposed  again  to  each  other.  It  seems,  therefore,  as  if  the 
exaggerated  appearance  of  the  nodes  which  is  usually  seen  in  osmic 
preparations,  is  produced  by  a  retraction  of  the  medulla  under  the 
influence  of  the  reagent. 

We  have  seen  an  exactly  similar  condition  of  the  nodes  in  cai-e- 
fully  manipidated  gold  and  formic  preparations,  in  this  case  the 
straight  transverse  line  being  indicated  by  a  minute  quantity  of  gold 
deposit,  and  no  constriction  breaking  the  straight  lateral  contour  of 
the  medulla. 

That  this  appearance  is  due  to  a  structural  peculiarity  is  beyond 
doubt ;  but  we  are  of  opinion  that  the  exact  nature  of  this  pecuh- 
arity  is  not  known.  It  may  possibly  consist  in  a  division  of  the 
medulla  into  segments,  hut  the  hypothesis  is  not  excluded  that  it  is 
produced  post  mortem  by  the  action  on  the  medidla  of  histological 
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elements  immediately  external  to  it ;  possibly  minute  circuLir  fibres 
connected  with  the  primitive  sheath  (sheath  of  Schwann),  and  analo- 
gous in  their  effects  to  that  of  the  spiral  fibre  which  constricts  the 
more  pei-sistent  bundles  of  connective  tissue. 

In  sealed  serum  prepai-ations  of  the  sciatic  nerve  of  the  frog  there 
may  sometimes  be  detected  within  the  first  48  hours  detached 
portions  of  endothelial  layers.  The  layers  are  usually  double,  and 
the  nucleus  and  cell  substance  are  distinct.  They  belong  to  the 
perineurium,  and  resemble  the  similar  layers  found  m  bke  condi- 
tions in  prepai-ations  of  muscle  and  tendon. 

Place  a  portion  of  a  nerve  for  24  hours  in  absolute  alcohol. 
Tease  it  out  in  solution  of  logwood.  Stain  and  replace  the  dye 
by  glycerine.  Observe  the  nuclei  (in  exceptional  instances  very 
numerous)  and  the  axis  cylinder,  which  is  sometimes  stained. 

Place  a  portion  of  a  nerve  in  purpurine  solution  for  24 
hours.    Tease  out  and  examine.    The  axis  cylinder  may  be 
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In  transverse  sections  of  hardened  nerves,  stained  m  car- 
mine, the  axis  cylinder  is  distinct. 

A  transverse  section  of  the  sciatic  nerve  of  a  dog  is  useful 
to  demonstrate  the  connective  tissue  sheaths  around  the  smaller 
and  larger  bundles  that  compose  the  entire  nerve. 
Aniline  red  stains  the  axis  cylinder. 

Collodion  added  to  a  fresh  nerve  teased  out  on  a  glass  with- 
out reagents  also  demonstrates  it. 

One  of  the  most  important  reagents  we  possess  for  studying 
nerves  is  chloride  of  gold,  but  the  conditions  of  its  successful 
application  are  so  various  that  it  may  be  said  to  have  a  special 
technique  of  its  own.  These  conditions  may  be  learnt  by  apply- 
ing it  to  the  nerves  of  the  cornea. 

Cut  out  several  corneas  from  the  eyes  of  frogs,  guinea-pigs, 
and  mice  within  a  few  hours  after  the  death  of  the  animal. 
Place  them  in  i  per  cent,  gold  solution  for  20  to  25  minutes, 
and  then  expose  them  to  light  in  water  slightly  acidulated  by 
acetic  acid  until  they  have  acquired  a  violet  colour.  Examine 
them  in  glycerine.  The  extent  to  which  the  nerves  are  visible 
■will  be  found  to  vary  much  in  the  different  corneas.    In  some 
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of  them  the  nerves  will  not  be  visible  at  all.  It  is  now,  on  the 
other  hand,  well  established  that  a  similar  treatment  after  a 
few  hours'  inflammation  will  infallibly  produce  a  demonstration 
of  the  most  abundant  nerve  fibrillse  of  the  finest  order.  The 
latter  consist  of  a  network  formed  by  extremely  delicate  beaded 
threads,  and  that  these  are  nerve  structures  is  shown  by  their 
continuity  with  the  nerve  fibres  that  enter  the  cornea  at  the 
limbus. 

The  demonstration  of  the  nerves  in  the  superficial  laminae' 
of  the  healthy  cornea  of  the  rabbit  is  by  no  means  certain  in 
any  given  instance ;  but  we  have  found,  in  studying  rabbit's 
cornea.s,  which  had  been  the  seat  of  congestion  for  a  few  hours, 
that  the  finest  fibrillse  Avere  seen  in  great  numbers. 

Similarly,  in  the  normal  epithelium  of  the  anterior  surface 
of  the  cornea  the  terminal  network  (we  can  testify  to  the  exis- 
tence of  such  a  network,  as  distinguished  from  the  so-called 
terminal  bulbs)  is  difficult  to  get  by  the  gold  method  unless 
there  has  been  slight  and  temporary  congestion  previously. 

It  is  finally  to  be  noted  that  the  demonstration  of  the  nerves 
by  the  gold  method  succeeds  more  easily  in  the  cornea  than 
in  any  other  structure. 

The  explanation  of  this  is,  not  that  there  is  anything  in  the 
nerves  of  the  cornea  by  themselves  peculiarly  suitable  to  the 
action  of  gold  chloride,  but  that  the  consistence  of  the  cornea 
is  sufficient  to  keep  the  nerves  in  their  natural  position  and 
uninjured  whilst  the  solution  is  acting  on  them.  The  demon- 
stration of  the  nerves  succeeds  better  when  the  cornea  is  in- 
flamed, because  the  spaces  between  the  corneal  laminte  and 
bundles  are  distended  and  the  solution  can  easily  pass  into 
them. 

It  is  on  this  principle  that  various  successful  methods  have 
been  applied  to  the  demonstration  of  the  nerves  in  different 
organs,  and  it  is  by  keeping  it  in  mind  that  it  will  be  possible 
to  invent  others  which  will  enable  us  to  trace  the  nerve  dis- 
tribution in  structures  in  which  it  has  not  yet  been  followed. 
The  solution  should  be  brought  into  contact  with  the  nerves 
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whilst  the  tissues  are  in  their  natural  position  ;  tension,  twist- 
ing, collapse,  or  pressure  being  equally  avoided.  Fortunately, 
the  after  manipulation  is  assisted  by  the  increased  consistence 
which  the  gold  solution  gives  to  yielding  structures. 

The  strength  of  the  dilute  acetic  acid  is  usually  determined 
by  the  taste,  the  acid  being  added  in  drops  until  the  fluid  is 
distinctly  but  faintly  sour.  This  corresponds  to  1  to  2  per 
cent,  solution  of  the  ordinary  commercial  acid.  The  astrin- 
gent effect  of  the  gold  is  sufi&cient  to  neutralise  the  action  of 
the  acid  until  the  nerves  are  demonstrated.  Whilst  exposure  to 
light  is  taking  place  the  fluid  should  be  changed  occasionally, 
the  reduction  of  the  gold  taking  place  within  2  days  to  a 
week.  In  some  tissues,  such  as  a  large  cornea  or  a  portion  of 
skin,  the  s;old  solution  is  allowed  to  act  from  half  an  hour  to 
an  hour  and  a  half. 

This  is  the  method  originally  suggested  by  Cohnheim.  Vari- 
ous modifications  have  been  since  introduced.  For  the  cornea 
of  the  rabbit  or  guinea-pig.  Dr.  Klein  recommends  exposure 
to  light  in  simple  distilled  water  after  a  long  action  of  the 
gold  solution  (I5  to  2  hours).  The  cornea  is  washed  in  dis- 
tilled water  after  being  removed  from  the  solution,  and  the 
water  in  which  it  is  placed  is  changed  twice  or  oftener  during 
24  to  36  hours.  It  is  then  placed  for  2  or  3  days  in  a  mix- 
ture of  one  part  glycerine  in  two  of  water.  After  the  gold 
precipitates  are  brushed  from  the  surface,  sections  can  be 
made. 

Henocque  has  pointed  out  that  if  a  tissue  treated  witli  gold 
is  placed  in  a  concentrated  solution  of  tartaric  acid,  and  the 
tube  containing  it  is  heated  in  a  water-bath,  the  reduction  of 
the  gold  takes  place  with  great  rapidity. 

The  following  methods  by  Lowit  illustrate  the  principle  on 
which  successful  gold  preparations  are  obtainable.  In  an  in- 
vestigation of  the  nature  of  the  terminal  nerve  fibrils  in  invo- 
luntary muscle,  he  proceeded  thus :  The  bladder  of  a  frog  is 
first  distended  for  5  to  8  minutes  with  a  weak  gold  solution  in 
order  to  harden  it  sufficiently  so  that  it  will  not  shrink  in 

6—2 
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stronger  solutions.   The  bladder  is  then  placed  in  a  very  weak 
solution  of  acetic  acid  (2  to  3  drops  of  ordinary  acid  in  a 
watch-glassful  of  water),  and  left  in  it  until  the  epithelium  can 
be  easily  removed  by  a  brush.    It  is  then  placed  in  a  li  per 
cent,  gold  solution  for  5  to  8  minutes,  and  after  being  washed 
in  water  is  exposed  to  light  in  water  made  strongly  sour  by 
acetic  acid.    In  24  hours  the  sour  water  is  changed  and  the 
acidity  increased.   By  this  method  some  excellent  preparations 
were  obtained,  but  in  many  cases  it  failed.    The  following 
method  was  therefore  suggested  by  the  same  observer.  Pure 
formic  acid  is  selected  of  a  specific  gravity  1-12,  stress  being 
laid  on  the  purity  and  on  the  right  specific  gravity.  The 
bladder  is  first  distended  with  weak  gold  solution  as  before,  and 
then  placed  in  the  undiluted  formic  acid  for  3  to  5  minutes.  It  is 
next  transferred  directly  to  1|  per  cent,  gold  solution,  in  which 
it  remains  5  to  8  minutes.    After  being  washed  in  water  it  is 
then  placed  in  a  stoppered  bottle  containing  a  mixture  of  one 
part  of  the  acid  and  three  parts  water;  8  to  10  CO.  of  the 
mixed  fluid  being  a  sufficient  quantity  for  the  frog's  bladder. 
The  bottle  is  kept  for  24  hours  in  the  dark.    For  thm  objects 
this  time  is  suflicient  for  the  complete  reduction  of  the  gold. 
K  a  preliminary  examination  in  water  shows  that  this  has 
not  taken  place,  the  object  can  be  placed  for  another  24  hours 
in  a  mixture  of  equal  parts  of  the  acid  and  water. 

Before  being  mounted  in  glycerine  the  preparation  must  be 
thoroughly  washed  in  water  in  order  to  remove  the  excess  of 

acid.  ^ 

Thicker  objects,  such  as  intestine  and  cornea,  were  placed 
fresh  in  the  undiluted  formic  acid  10  to  15  minutes,  then  30 
to  45  minutes  in  U  gold  solution,  and,  after  being  weU  washed 
placed  in  the  dark,  for  the  first  24  hours  in  a  third  acid  with 
two  thirds  water,  and  for  a  second  day  in  equal  parts  of  acid 
and  water.  The  tissue  can  then  be  hardened  in  alcohol,  and 
embedded  and  finally  preserved  in  dammar. 

The  foUowing  methods  for  the  demonstration  of  the  nerves  of 
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muscular  fibre  are  extracted  from  a  monograpli  by  Gerlacli,i  ^j^i^h 
may  be  further  consulted. 

Theiirstwas  suggested  by  Kiihne.  Portions  of  the  sartorms  of 
the  frog,  as  long  as  possible  and  freed  from  tendon,  are  placed  m  a 
solution  of  sulphuric  acid,  prepared  by  adding  01  8-°^-^ 
of  sp  1-83  to  a  litre  of  water.  The  vessel  is  shaken  and  allowed  to 
stand  24  hour«,  during  which  period  the  dduted  acid  is  changed 
twice  or  thrice.  The  muscle  is  then  taken  out  and  washed  by 
shakin-  it  in  a  test  tube  with  distilled  water  until  the  fluid  no 
longer  "reddens  litmus  paper.  It  is  then  placed  in  a  large  glass 
vessel  tilled  with  distilled  water,  and  exposed  in  an  incubator  tor 
22  hoiu-s  to  a  temperature  of  35°  to  40°  C.  The  muscle,  now  become 
transparent,  is  shaken  in  a  test  tube  with  water  and  falls  into  single 
fibres  The  entrance  of  the  nerve  into  the  fibre  withm  the  sarco- 
lemma  and  the  first  intravaginal  division  of  the  axis  cylmder  may 
Tl)6  ol)S6rv6cl . 

Another  method  consists  in  teasing  out  muscular  fibres  from  a 
newly-kiUed  frog  in  per  cent,  hydrochloric  acid.  A  cover-g  ass 
is  put  on,  and  from  time  to  time  more  of  the  fluid'  is  added  After 
some  hours  the  muscle  substance  becomes  transparent  and  the  mtra- 
vacrinal  nerves  are  visible.  By  this  treatment  in  many  fibres  the 
transverse  striation  disappears,  and  if  the  action  is  allowed  to  con- 
tmue  for  a  day,  parallel  equidistant  longitudinal  markings  appear 
Gerlach  remarks  that  the  relation  of  these  lines  to  the  structure  ot 
the  fibre  is  involved  in  complete  obscurity.  We  identify  them  as 
shown  in  his  figure  as  the  boundary  lines  of  primary  bundles. 

EoUett's  method  for  isolating  muscular  fibres  may  be  apphed  to 
osmic  acid  preparations  thus  :  A  thin  muscle  is  placed  for  4  or  5 
minutes  in  weak  osmic  acid.  After  being  boiled  it  becomes  rapidly 
dark  in  colour,  and  is  then  placed  for  several  days  m  glycerine.  It 
is  next  placed  in  a  test  tube  half  full  of  glycerine,  the  tube  bemg 
kept  corked  and  shaken  several  times  daily.  After  5  or  6  days  the 
isolation  is  usually  complete,  and  some  of  the  nerves  are  preserved. 
More  nerves  are  preserved  when  the  muscle  is  treated  with  J  per 
.cent,  hydrochloric  acid  for  several  days,  before  being  placed  in  the 

glycerine.  . 

The  very  important  results  described  by  Gerlach  were  obtained 
by  means  of  the  foUowing  modification  of  the  gold  method  :  One 
part  of  the  double  salt,  the  chloride  of  gold  and  potassium,  is  dis- 
solved in  10,000  parts  water,  and  one  part  of  chemically  pure  hydro- 

1  "  Das  Verhaltniss  der  Nerven  zu  den  mllkiirlichen  Muskehi 
■der  Wirbelthiere,"  von  Dr.  J.  Gerlach.    Leipzig,  1874. 
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chloric  acid  is  added  to  the  solution.  This  constitutes  his  "gold 
fluid."  The  muscle  must  not  be  placed  in  the  fluid  immediately 
iifter  death,  nor  must  rigor  mortis  liave  begun.  In  tlie  frog  he 
found  from  six  to  nine  hours  after  death  the  most  suitable  time.  A 
state  of  tetanus  in  the  muscle  is  favourable  to  the  reaction,  and  in 
this  case  the  fluid  should  be  ai:>plied  three  or  four  hours  iifter  death. 
Tetanus  results  -when  a  frog  is  killed  by  hitting  its  head  sharply 
several  times  on  the  edge  of  a  table.  After  the  violent  muscular 
spasms,  which  last  several  minutes,  have  abated,  the  lower  extrem- 
ities are  quickly  removed  from  the  trunk,  in  order  to  prevent  the- 
condition  of  the  muscle  being  changed  by  the  influence  of  the  circu- 
lation. Long  fasciculi  from  the  gastrocnemius  are  jilaced  in  the- 
fluid,  and  the  fibres  teased  out  in  it  into  fine  bundles,  although  not 
into  comf)letely  isolated  fibres.  They  remain  in  the  gold  fluid  for 
10  to  12  hours,  protected  from  light.  After  this  time  they  ai-e 
treated  with  faintly  sour  water,  and  if  the  preparation  has  been 
successful  a  hlac-reddish  colour  is  seen  at  some  23oints.  When  ex- 
posed to  light  in  glycerine  slightly  acidified  by  hydrochloric  acid,, 
the  intravaginal  netwoi'k  is  completely  developed. 

In  other  less  successful  j^reparations  the  whole  fibre  is  of  a 
diffuse  red  colour,  and  the  nerve  fibrillse  are  not  seen.  If  such  pre- 
parations are  placed  5  to  6  hours  in  the  acidified  glycerine  a 
further  reduction  of  the  gold  salt  takes  place.  If  they  are  then 
treated  with  ^  per  cent,  solution  of  cyanide  of  potassium  the  colour- 
gradually  disappears,  but  at  some  portions  the  inti-avaginal  net- 
work retains  it  for  a  time,  and  is  thus  rendered  visible.  At  any- 
given  stage  the  action  of  the  cyanide  may  be  arrested  by  washing 
the  preparation  carefully  with  water,  and  it  may  then  be  preserved 
in  gum  and  glycerine. 

By  this  method  Gerlach  has  demonstrated  that  the  so-called  end- 
plates  do  not  represent  the  terminations  of  the  nerves  of  voluntaiy 
muscle.  The  medullated  fibre,  after  dividing,  passes  through  the 
sarcolemma  into  the  interior  of  the  fibre,  where  it  immediately  loses 
its  medulla,  and  long  axis  cylinders  are  continued  in  the  muscle  sub- 
stance paraUel  to  the  long  axis  of  the  fibre.  These  give  ofl'  very  fine 
fibrils,  which  form  a  terminal  network  within  the  fibre— named  by 
Gerlach  the  intravaginal  network. 

This  is  not  the  only  foi-m  in  which  the  gold  salt  is  strongly  re- 
duced by  this  operation.  The  characteristic  gold  deposit  is  found 
also  in  a  linear  form,  and  Gerlach  considers  this  eff"ect  is  produced 
by  changes  in  a  special  constituent  part  of  the  muscular  substance,, 
of  which  there  are  thus  two  kinds. 
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We  ai-e  familial-  with  the  latter  appearance  in  preparations  of  the 
fro-'s  muscle  obtained  by  the  action  of  i  per  cent,  gold  solution  .aud 
subsequent  maceration  in  water  strongly  acidified  by  acetic  acid.  We 
have  no  reason  to  believe  that  it  is  more  than  a  deposit  m  the  inter- 
stices present  in  the  fibre,  and  of  a  nature  similar  to  that  found  be- 
tween the  bundles  and  lamelte  of  the  cornea. 

Gerlach,  finding  that  the  minute  fibrils  are  sometimes  lost  m  this 
dark  deposit,  beUeves  that  the  muscle  substance  actually  forms  a 
terminal  expansion  of  the  nerves  ;  but  according  to  our  mode  of 
interpretation  it  simply  indicates  that  the  terminal  network  inter- 
laces the  primary  bundles  which  constitute  the  fibre.  The  nuclei  of 
the  "terminal  plate"  (or  "end  plate")  are,  we  believe,  nuclei 
of  flat  cells  of  the  fine  connective  tissue  around  the  nerve,  brought 
into  prominence  by  the  deHciency  of  sarcolemma  and  muscle  sub- 
stance at  this  point. 

Gerlach  states  that  the  application  of  his  method  is  much  more 
difficult  in  mammaUan  muscle  on  account  of  the  rapid  occurrence  of 
the  rigor  mortis  and  the  difiiculty  of  hitting  the  right  time  after  the 
death  of  the  animal  for  placing  the  fibres  in  the  solution.  Successful 
preparations  were  obtained  by  the  discoverer  in  the  muscle  of  the 
ox  and  dog.  By  waiting  an  hour  after  death  in  the  former  instance 
and  an  hour  and  a  half  in  the  latter,  the  existence  of  the  intra- 
vaginal  network  was  demonstrated. 

For  the  nerves  of  tendon  RoUett  recommends  the  removal  of  a 
small  tendon  entire,  which  is  then  placed  in  ^  per  cent,  solution  of 
hydrochloric  or  nitric  acid  until  it  swells  into  a  clear  transparent 
mass.  He  also  recommends  a  combined  action  of  osmic  and  nitric 
acids.  The  tendon  found  by  him  to  be  specially  suitable  for  the 
study  is  that  of  the  musculus  sterno-radiaUs  (Cuvier)  of  the  frog. 
The  figures  given  by  this  observer  of  the  nerves  in  tendon,  so  far  as 
he  has  followed  them,  suggest  an  analogy  with  those  of  muscle.' 

The  terminal  bulbs  or  corpuscles  of  Krause  have  been 
found  in  the  conjunctiva  bulbi,  the  glans  penis,  the  clitoris, 
and  some  other  parts.  Poncet^  has  recently  demonstrated 
them  very  successfally  in  the  conjunctiva  of  the  human  eye  by 
the  following  method  :— He  injected  ~  P^r  cent,  solution  of 
osmic  acid  under  the  superior  and  external  part  of  the  con- 


1  Wien.  Akad.  Sitzungsb.,  1876. 

-  "  Eecherches  sur  la  terminaison  dea  Nerfs  dans  la  Conjonctive." 
Arch,  de  Phys.,  tome  ii.,  1875. 
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junctiva  where  they  are  best  found,  producing  an  artificial 
cliemosis.  A  few  drops  of  the  same  solution  were  then  placed 
between  the  eyelids,  and  the  parts  left  undisturbed  for  12 
hours,  after  which  time  the  eyeball  was  enucleated,  and  small 
pieces  of  the  conjunctiva  removed  by  scissors.  These  were 
extended  on  cork  by  pins,  and  placed  12  hours  in  purpuriue, 
12  hours  longer  in  weak  alcohol,  then  1  hour  in  strong  alcohol, 
and  finally  cleared  up  in  oil  of  cloves,  and  preserved  in  soluble 
Canada  balsam.  The  nerves  were  found  to  terminate  in— 
1,  a  network  with  large  meshes  ;  2,  Krause's  corpuscles  ;  3,  in 
filaments  between  the  epithelial  cells. 

The  memoir  of  Poncet  is  otherwise  remarkable  as  affording 
evidence  of  the  power  of  osmic  acid  in  favourable  circumstances 
to  fix  and  colour  nerve  fibrils  that  have  hitherto,  we  believe, 
been  only  seen  in  gold  preparations. 

The  Pacinian  Corpuscles  are  best  studied  in  examples  from 
the  mesentery  of  the  cat,  in  which  they  are  easily  seen  as 
small  oval  bodies  about  1  to  2  m.m.  in  length.  They  should 
be  examined  fresh  in  serum,  and  also  treated  by  osmic  acid, 
gold,  and  the  usual  staining  and  hardening  agents.  The  cen- 
tral axis-cylinder  may  be  seen  in  fresh  preparations,  and  the 
layers  of  endothelial  cells  in  the  capsule,  discovered  and 
described  by  Hoyer,  should  be  sought  in  carefully  prepared 
silver  preparations.  On  account  of  the  smallness  of  the  object, 
the  silver  solution,  distilled  water,  and  glycerine  should  be 
applied  in  succession  on  the  slide,  which  is  then  exposed  to  the 
action  of  light  in  the  usual  way. 

The  endothelial  layers  thus  demonstrated  afford  an  excellent 
example  of  the  nature  and  arrangement  of  the  flat  cells  of  con- 
nective tissue,  their  easy  demonstration  in  this  instance  being 
due  to  the  feeble  development  of  the  fibrillary  tissue  and  the 
loose  application  of  the  layers  to  each  other. 

For  the  methods  useful  in  demonstrating  the  structure  of 
the  tactile  corpuscles  see  under  Skin. 

The  meduUated  nerve  is  preserved  intact  by  the  saturated  potash 
solution,  as  may  be  readily  observed  by  treating  with  it  a  portion  of 
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the  sciatic  nerve  of  a  frog.  To  observe  more  than  this  requires  a 
de-ree  of  success  in  the  experiment  which  is  rarely  attained.  In  ex- 
ceptionally successful  potash  preparations  there  can  be  seen  line 
narrow,  elongated  cells  lying  parallel  to  the  nerve  fibre,  and  in  some 
of  them  it  would  seem  as  if  there  were  two  lines  of  these,  one 
closely  applied  to  the  medulla,  and  one  more  externally  which  pro- 
bably is  part  of  the  cellular  sheath.  In  some  of  the  fibres  seen  cross- 
wise the  central  caucol  which  corresponds  to  the  axis-cyhnder  is 
observed  to  have  a  border  constituted  by  a  substance  different  from 
that  of  the  medidla,  and  resembling  the  refractive  debris  which  is 
usually  in  potash  preparations  seen  external  to  it. 

To  see  the  grey  or  non-meduUated  fibres  (Remak's  fibres), 
tease  out  a  portion  of  the  sympathetic  nerve  of  one  of  the  higher 
vertebrata  in  salt  solution.  The  neurilemma  sheath  can  be 
separated  by  treatment  with  weak  acids. 

Ganglion  cells  may  be  seen  by  removing  the  Gasserian  gan- 
ghon  of  the  frog  and  examining  it  fresh.  They  may  be  also 
studied  by  dissecting  out  the  aorta  of  a  frog,  staining  it  in  gold 
in  the  usual  manner,  and  teasing  it  out.  The  cells  stained  a 
deep  purple  are  readily  found. 

For  the  ganglion  cells  of  mammalia  harden  the  spinal  gan- 
glia in  Miiller's  fluid,  cut  and  tease  out. 

In  favourable  preparations  the  surface  of  the  ganglion  cell  is 
seen  to  be  covered  by  a  layer  of  flat  cells,  and  in  gold  prepa- 
rations, deeply  stained,  the  continuation  of  these  cells  on  the 
surface  of  the  nerve  fibre  can  sometimes  be  traced  for  a  short 
distance. 

The  plexuxes  of  Auerbach  and  Meissner  can  be  demon- 
strated by  the  gold  method,  the  manipulations  being  regulated 
in  accordance  with  those  principles  Avhich,  as  we  have  already 
explained,  must  always  be  kept  in  view.  A  small  piece  of 
intestine  is  moderately  distended  with  J  per  cent,  gold  solu- 
tion and  ligatured.  It  is  then  cut  out  and  placed  for  about  an 
hour  in  the  same  solution.  The  intestine  is  thus  hardened  at 
the  same  time  that  the  gold  permeates  its  tissue.  It  is  then 
laid  open,  washed,  and  cut  into  pieces,  which  are  exposed  to 
sunlight  in  the  ordinary  acidulated  water  until  they  are  of  a 
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dark  violet  colour.  The  mucous  membrane  is  tlien  easily 
removed  in  water,  and  portions  of  the  muscular  layers  are  care- 
fully torn  off  by  forceps.  They  are  either  examined  at  once  in 
glycerine  or  after  staining  in  logwood.  The  ganglion  cells  are 
recognised  by  their  large  clear  nuclei,  and  the  nerve  fibrillas 
when  jjresent  by  their  ordinary  characters. 

Heart. — The  fibres  of  Purkinje  can  be  seen  by  dissecting  out 
a  piece  of  the  endocardium  of  the  sheep,  and  teasing  it  out  care- 
fully in  iodised  serum.  Another  portion  should  be  treated  by 
diluted  alcohol.  Ranvier  considers  them  as  muscle  arrested  in  its 
development.  The  anastomoses  of  the  cardiac  fibres  can  be- 
seen  in  teased  prej)arations.  The  silver  markings  which  cross 
the  fibres  can  be  seen  by  tearing  off  a  piece  of  endocardium^ 
aud  treating  it  with  silver  in  the  usual  way.  When  treated 
with  40  per  cent,  potash  solution,  the  fibres  break  across  at  the 
parts  indicated  by  these  lines. 

Bloodvessels. — The  calibre  and  arrangement  of  bloodvessels 
is  best  studied  in  injected  preparations,  as,  for  example,  in  the- 
omentum  of  a  young  rabbit  injected  from  the  aorta  with  Berlin, 
blue  and  gelatine. 

Bleed  a  small  animal  to  death,  and  inject  through  the  blood- 
vessels ^  per  cent,  solution  nitrate  of  silver.  Cut  out  a  portion 
of  a  transparent  vascular  tissue,  and  place  it  in  a  drop  of  gly- 
cerine on  an  object-glass,  and  examine  as  soon  as  the  colour 
darkens.  The  endothelial  markings  of  the  capillaries  are 
usually  apparent.  Or,  simpler,  let  the;  silver  solution  fall 
drop  by  drop  over  the  muscles  of  a  frog's  thigh  which  have 
been  just  laid  bare.  Cut  off  a  thin  superficial  portion,  of 
the  milky-white  surface,  place  it  in  glycerine  in  sunlight, 
and  examine.  The  silver  lines  of  the  bloodvessels  are  well 
marked. 

Drop  gold  solution  in  a  similar  way,  then  cut  off  a  portion 
of  muscle,  and  place  it  further  in  gold  for  10  to  20  minutes. 
Expose  to  light  in  acidulated  water,  and  when  dark  in  colour 
examine.  The  capillary  vessels  are  seen  to  be  composed  of  a 
straight  homogeneous  central  portion  and  an^outer,  differently 
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Stained  and  more  irregular  portion  (adventitia).  Similar  ob- 
servations may  be  made  on  the  capillaries  of  the  same  part  by 
rapid  staining  in  logwood  solution  and  examination  in  glycerine. 
In  such  preparations  nuclei  can  be  seen  in  this  adventitial 
coverin-:'.  For  the  smaller  arteries  and  veins,  examine  portions- 
of  the  p°ia  mater  hardened  in  MiiUer's  fluid.  Their  endothehal 
lining  is  seen  in  silver  preparations.  The  smaller  arteries  are 
easily  recognised  by  the  pecuKar  form  and  transverse  position 
of  the  nuclei  of  the  involuntary  muscle  cells.  These  can  be 
well  seen  in  gold  or  dye-stained  preparations  of  the  omentum 
or  mesentery.  In  silver  preparations  the  contour  of  the  con- 
tractile cell  itself  is  sometimes  seen. 

In  the  adventitia  of  the  capillaries  in  the  eye  of  the  frog 
Mr.  Ewart  and  ourselves,  during  an  investigation  of  the  struc- 
ture of  the  retina,  observed  small  narrow  elongated  cells,, 
similar  in  form  and  size  to  those  described  and  figured  by  us 
as  lying  on  the  finer  bundles  of  fibrillary  tissue  in  the  optic 
nerve  expansion.  The  eye-ball  with  the  optic  nerve  cut  off 
short  had  been  placed  for  24  hours  in  h  per  cent,  osmic  acid 
solution,  and  was  then  dissected  and  examined  in  solution  of 
acetate  of  potash.  These  cells  belong  to  the  category  described 
by  us  as  investing  the  small  or  primary  bundles  in  different 
forms  of  connective  tissue. 

To  see  the  elastic  membranes,  muscular  layers,  and  elastic- 
fibres  of  the  large  arteries,  harden  a  part  of  the  thoracic  aorta 
of  a  large  animal  (or  man),  embed  and  make  transverse  and 
vertical  sections  which  can  be  examined  entire  or  teased  out> 
Or  a  portion  may  be  pinned  out  on  a  piece  of  cork,  rapidly 
dried  at  a  high  temperature,  placed  between  two  pieces  of 
cork  and  cut.  The  sections  are  softened  in  water,  and 
examined. 

The  structure  of  the  arteries  may  be  also  advantageously 
studied  in  sections  through  the  tongue  of  a  small  rabbit,  which 
has  been  hardened  by  chromic  acid  and  stained.  The  coats 
are  well  seen  in  those  which  are  cut  transversely. 
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The  circulation  of  the  blood  can  be  observed  in  the  web  of  the 
frog's  foot.  One  or  two  drops  of  iV  per  cent,  solution  of  curari 
being  injected  under  tlie  skin,  the  creature  soon  becomes  motionless. 
It  is  then  laid  on  an  oblong  piece  of  cork,  and  the  web,  moderately- 
extended,  is  fastened  over  a  small  hole  cut  to  allow  the  passage  of 
the  light  reflected  from  the  mirror.  Tlie  cork  is  fastened  on  the 
stage  of  the  microscope,  and  a  piece  of  wetted  cloth  laid  over  the 
animal.  The  cun-ent  in  the  arteries,  capillaries,  and  veins,  and  the 
red  and  colouidess  corpuscles  are  seen  without  difficulty. 

The  diapedesis  of  the  corpuscles  in  inflammation  has  been  chiefly- 
studied  in  the  tongue  and  mesentery  of  the  frog,  the  process  being 
observed  and  described  by  Waller  in  1846,  and  again  by  Cohnheim 
in  1867.  It  is  unnecessary  to  enter  minutely  into  the  details  of  the 
operation  here,  but  the  principles  on  which  it  has  been  carried  out 
may  be  shortly  explained.  The  sensibility  of  the  animal  is  destroyed, 
and  curari  injected  to  p;u'alyse  the  muscles.  A  circular  hole  is 
punched  in  the  cork  oblong,  and  a  similar  hole  is  cut  in  an  ordinary 
cork  of  a  thickiies*s  fully  equal  to  that  of  the  frog's  body.  This  cork 
is  fastened  over  the  hole  in  the  oblong  by  pins.  An  opening  is  then 
made  through  the  abdominal  wall  of  the  frog  (a  male)  about  half  an 
inch  from  the  middle  line,  care  being  taken  to  avoid  cutting  veins, 
any  htemorrhage  which  is  produced  being  arrested  as  rapidly  as  pos- 
sible. "When  the  opening  is  made  with  a  wire  heated  to  a  white 
heat  hajmorrhage  is  efi'ectually  prevented.  The  mesentery  is  then 
spread  over  the  opening  in  the  cork.  It  is  more  effectually  retained 
in  its  place  when  a  small  raised  border,  over  which  the  intestine  can 
be  secured,  has  been  cut  round  the  edge  of  the  hole. 

By  a  somewhat  similar  aiTangement  the  circulation  in  the  tongue 
of  the  same  animal  can  be  observed. 

In  these  transparent  tissues  it  is  sometimes  possible  to  trace  other 
structures  as  well  as  the  bloodvessels.  MeduUated  nei-ve  fibres,  for 
example,  may  be  observed,  and  at  different  points  the  nuclei  of  cells 
a,re  seen  surrounded  by  a  substance  in  the  interstices  of  the  tissues 
which  refracts  light  difi"erently  from  the  tissues  themselves.  It  is 
only  when  surrounded  by  this  substance  that  the  nuclei  are  visible, 
the  cell  substance  being  invisible. 

Lymphatic  vessels.— The  larger  vessels  can  be  hardened  and 
examined  in  the  usual  way.  For  the  finer  lymphatic  vessels 
there  are  two  methods  ;  viz.,  injection  and  silver  impregnation. 
r©r  the  former  Ludwig  and  Schweigger-Seidel  recommend  the 
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folloAving  method:  A  rabbit  is  cut  through  the  middle,  the 
stomach^xnd  intestines  being  removed  after  a  ligature  enclosing 
the  cesophagus  and  the  large  vessels,  has  been  passed  round  ho 
spinal  column.    The  thoracic  half  of  the  animal  is  suspended 
head  downwards  by  threads  passed  through  the  abdominal 
parietes,  and  an  injection  mass  (Berlin  blue)  is  poured  into 
the  concavity  of  the  diaphragm.    The  liver  is  left  m  its  posi- 
tion or  drawn  slightly  upwards  by  a  thread  passed  round  the 
crall-bladder.    After  a  little  time,  even  if  the  parts  are  kept 
motionless,  the  lymphatic  vessels  on  the  convex  surface  of  the 
diaphragm  are  found  injected,  but  this  result  is  more  readily 
attained  if  a  rhythmic  movement  of  the  diaphragm  is  pro- 
duced.   This  is  done  by  inserting  a  tube  into  the  trachea  and 
imitating  the  movements  of  respiration. 

First,  the  clefts  between  the  bundles  of  the  centrum  tendi- 
neum  fill  with  the  mass,  and  afterwards  the  network  of  lym- 
phatic vessels  which  exist  on  the  pleural  side. 

To  see  the  endothelium  of  the  lymphatic  capillaries,  lay 
bare  the  centrum  tendineum  of  a  young  rabbit.  Brush  it 
gently  on  both  sides  with  i  per  cent,  solution  of  nitrate  of 
silver  to  remove  the  superficial  endothelium,  cut  it  out  carefully 
and  place  it  for  a  minute  in  i  or  ^  per  cent,  silver  solution. 
Dip  it  for  an  instant  in  distilled  water  to  remove  coagulated 
matters  from  the  surface,  and  expose  it  to  light  in  glycerine 
until  it  is  of  a  dark  colour.  The  less  it  is  in  contact  with 
water  the  better,  and  practically  in  such  manipulations  it  is 
often  found  convenient  to  neglect  the  impurities  on  the  sur- 
face of  the  preparation  rather  than  endanger  the  destruction 
of  delicate  elements  by  washing. 

The  lymphatic  capillaries  are  distinguished  by  the  peculiar 
appearance  of  their  endotheUum  and  by  their  form  and 


course. 


There  is  a  source  of  faUacy  to  be  guarded  against  in  studying  the 
lymphatics  by  sUver  impregnation.  Wherever  a  patch  of  flat  ceUs 
is  seen  in  a  tissue  it  must  not  be  supposed  that  there  is  a  lymphatic 
vessel.    The  delicate  endothelium  which  covers  the  bundles  may  be 
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■demonstrated  in  part  and  tlie  appearance  of  a  lymphatic  simu- 
lated. 

This  partial  demonstration  occurs  most  frequently  in  the  distended 
interfascicular  and  interlamellar  spaces  which  are  always  present  in 
connective  tissue,  and  which  are  more  or  less  favourable  to  the 
action  of  silver.  But  it  does  not  follow  that  these  spaces  form  part 
of  a  closed  cavity,  or  that  they  are  part  of  the  lymphatic  vascular 
system.  There  is,  however,  a  direct  passage  of  solids  in  a  very  tine 
state  of  division  from  them  to  the  lymphatic  vessels  proper. 

This  is  in  effect  the  relation  which  the  straight  spaces  between 
the  bundles  on  the  abdominal  surface  of  the  centrum  tendineum, 
which  fill  with  injection  in  Ludwig  and  Schweigger-Seidel's  experi- 
ment, have  to  the  lymphatics.  Although  they  are  lymphatic  spaces 
and  are,  in  a  certain  sense,  in  du-ect  communication  with  the  lym- 
phatic vascular  system,  they  are  not  anatomically  part  of  it.  The 
■exact  anatomical  connection  between  the  lymphatic  vessels  and  the 
interfascicular  spaces  (essentially  part  of  the  lymjjhatic  system  in  a 
physiological  sense)  has  not  yet  been  made  out. 

A  simple  method  of  injecting  lymphatic  vessels  is  the  punc- 
ture method  of  Hyrtl.  A  2  per  cent,  watery  solution  of 
Berlin  blue  is  driven  slowly  into  the  tissue  by  means  of  a 
syringe  with  a  very  fine  canula.  In  many  instances  the  solu- 
tion finds  its  way  into  the  lymphatic  vessels.  The  part  is  cut 
out,  hardened  in  alcohol,  and  prepared  for  preservation  in 
dammar  in  the  usual  way. 

A  solution  of  alcannin  in  turpentine  is  used  by  Ludwig  for 
injecting  the  lymphatics,  and  is  said  to  possess  special  advan- 
tages. 

It  may  be  convenient  to  notice  here  the  experiments  by  Arnold,'^ 
Thoma,  Von  Wittich,  and  others,  with  indigo-carmine.  When 
■i  per  cent,  solution  is  injected  slowly  into  the  blood  \mder  very 
low  pressure  in  frogs,  and  the  tissues  afterwards  ii-rigated  with  1^ 
per  cent,  salt  solution,  a  dark  blue  deposit  becomes  visible.  This 
has  been  found  to  take  place  between  the  epithelial  cells  and  in  the 
interlamellar  and  interfascicular  spaces,  and  confirms  the  view 


1  See  Virchow's  "  Archiv.,"  vol.  Ixviii.,  p.  472,  and  "  Ceutralblatt," 
1875,  No.  2. 
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-that  plasma  from  the  blood-current  accumulates  m  these  positions. 
For  further  details  the  original  memoh-s  can  be  consulted.     _  _ 

Leo  Gerlach  found  similar  results  after  injecting  the  solution  into 
the  lymph-sacs. 

Lymphatic  glands.— Harden  the  fresh  gland  in  equal  parts 
of  alcohol  and  water  for  5  or  6  days,  the  fluid  being  changed 
twice  or  thrice,  then  for  24  hours  in  alcohol.  Embed  and 
make  sections.  Or  harden  in  i  per  cent,  chromic  acid,  fre- 
quently changed,  for  a  similar  time,  then  for  one  day  in  i  per 
cent,  and  another  in  1  per  cent,  solutions. 

The  sections  are  shaken  gently  in  a  test  tube  with  water,  m 
order  to  get  quit  of  a  number  of  the  lymph  cells.  The  capsule, 
septa,  reticulated  cellular  substance  of  the  follicles  with  its 
lymph  cells,  the  spaces  between  the  follicles  and  septa,  and  the 
supporting  fibres  which  pass  from  the  follicles  to  the  capsule 
and  septa,  are  seen  in  such  sections. 

The  bloodvessels  are  seen  in  preparations  of  glands  pre- 
viously injected.  The  lymph  channels  can  be  injected  from 
.the  afferent  lymphatic,  which  is,  however,  very  difficult  to 
find.  It  is  easier  to  fill  them  by  "  puncture,"  the  point  of  a 
fine  syringe  being  inserted  under  the  capsule,  and  very  gradual 
pressure  made.  To  facilitate  their  injection,  Frey  recommends 
that  the  animal  shall  be  killed  by  a  blow  on  the  head,  the 
thoracic  duct  ligatured,  and  the  body  lie  untouched  for  2  to  6 
hours.    After  that  time  the  lymphatic  vessels  are  distended. 

Digestive  tract. — The  Mouth. — The  glands  of  the  mucous 
membrane  of  the  cheek,  lip,  palate,  and  pharynx,  and  the 
general  structural  pecuUarities  of  the  different  forms  of  papillae 
in  the  tongue,  can  be  seen  in  alcohol  and  chromic  acid  pre- 
parations. 

The  tonsils  are  hardened,  cut,  and  shaken  as  directed  for  the 
lymphatic  glands.  They  should  be  taken  from  children.  Frey 
recommends  young  dogs,  swine,  and  calves. 

To  see  the  folds  of  the  mucous  membrane  and  the  mucous 
glands  of  the  ojsophagus,  Exner  recommends  specially  that  of 
the  dog.    The  oesophagus  and  trachea  of  a  child  or  rabbit, 
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taken  out  and  hardened  together,  and  sections  made  which 
inchide  the  lumina  of  both,  are  instructive. 

The  subuiaxilLiry,  lingual,  and  parotid  glands  should  be 
hardened  in  alcohol,  and  sections  variously  stained. 

The  suhmaxillary  gland  may  be  selected  for  careful  study. 
It  is  hardened  in  absolute  alcohol,  and  sections  stained  in  car- 
mine and  logwood.  It  should  also  be  macerated  in  very  weak 
chromic  acid,  and  teased  out.  Minute  portions  of  the  fresh 
gland  may  also  be  teased  out  in  iodised  serum. 

In  the  gland  elements  are  to  be  distinguished  the  large 
rounded  cells,  and  more  externally  smaller  granular  cells 
arranged  in  a  crescentic  form.  Sections  of  the  columnar 
epithelium  of  the  ducts  will  be  seen. 

The  membrana  propria  deserves  especial  attention.  It  is  to 
be  observed  that  there  is  a  very  fine  investing  membrane, 
and  that  in  close  connection  with  the  membrane  there  are 
flattened  nuclei  to  be  observed. 

Krause  states  that  the  structureless  membrane  of  the  acini 
can  be  coloured  by  maceration  of  the  gland  in  5  per  cent, 
solution  of  molybdate  of  ammonia  and  subsequent  treatment 
by  40  per  cent,  solution  of  tannic  acid,  or  20  per  cent,  solution 
of  pyrogallic  acid. 

The  membrana  propria  of  this  and  other  glands  may  be 
isolated  by  maceration  in  weak  soda  lye  which  destroys  the 
cells  of  the  gland,  but  leaves  for  a  time  the  membrane  enture. 
It  also  colours  yellow  with  iodine. 

Stomach. — Harden  a  portion  of  the  stomach  of  a  newly-killed 
animal  in  absolute  alcohol,  and  another  portion  in  bichromate 
of  potash  or  chromic  acid.  Embed  and  make  sections  in  both 
directions,  stain,  and  examine  in  glycerine.  The  cells  of  the 
peptic  glands  and  the  surrounding  reticulum  of  connective 
tissue  can  be  seen.  Varied  staining  with  carmine,  logwood, 
and  aniline  dyes  is  necessary  to  examine  the  different  pomts 
satisfactorily.  Avoid  tearing  the  mucosa  away  from  the  mus- 
cular coat.    In  the  mucosa  sections  of  the  muscularis  mucosa 
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can  be  easily  rfecognised,  and  the  nuclei  are  seen  in  stained 
preparations. 

For  the  bloodvessels  it  is  necessary  to  examine  the  injected 
stomach.  Sections  of  the  frozen  tissues  and  osmic  acid  prepara- 
tions further  stained  in  watery  solution  of  aniline  blue  are  also 
to  be  recommended  for  the  whole  intestinal  tract. 

The  so-called  mucous  glands  of  the  stomach  may  be  sought 
for  in  the  pyloric  region  of  the  dog,  cat,  rabbit,  or  guinea-pig. 

Small  intestine. — Harden,  embed,  stain,  and  cut  longitudi- 
nally and  transversely  to  the  lumen  of  the  bowel.  The  sections 
can  be  distinguished  by  observing  which  of  the  muscular  layers 
is  cut  transversely  :  if  the  inner  it  is  a  longitudinal  section,  if 
the  outer,  transverse.  Observe  the  villi  and  Lieberkiihn's 
crypts. 

To  see  the  seam  of  the  epithelium,  scrape  the  inner  surface 
of  the  intestine  of  a  newly-killed  guinea-pig  with  a  sharp 
knife,  or  cut  small  superficial  portions  with  scissors,  and 
examine  what  is  removed  in  the  natural  mucus,  without 
further  addition.  If  a  cover-glass  is  used,  protect  the 
fragments  of  villi  and  isolated  cells  which  are  in  the  fluid  by 
placing  a  hair  or  small  pieces  of  thin  glass  under  the  edges  of 
the  cover-glass,  and  if  the  preparation  becomes  dry  add  blood 
serum  or  aqueous  humour. 

The  relations  of  the  bloodvessels  to  the  villi  and  Lieber- 
kiihn's crypts  can  be  seen  only  in  injected  preparations. 

The  chyle  passages  may  be  injected  by  inserting  the  point  of 
a  fine  syringe  charged  with  Berlin  blue  under  the  mucous 
membrane,  a  small  quantity  only  being  injected.  They  may 
be  further  studied  by  feeding  a  rat  on  fatty  food  and  killing  it 
3  to  4  hours  afterwards.  The  manner  of  killing  must  be  such 
that  convulsive  movements  are  not  produced.  A  small  portion 
of  intestine  is  then  removed  and  placed  in  solution  of  osmic 
acid  until  it  is  quite  dark  in  colour.  It  may  be  embedded  and 
cut  immediately,  or  after  hardening  in  alcohol.  The  small 
fatty  globules  are  .stained  black. 

The  delicate  connective  tissue  of  the  intestinal  mucosa 
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nppears  after  the  action  of  alcohol  and  chroitiic  acid  as  reti- 
culated, and  lymph  corpuscles  are  found  in  its  meshes.  It  has 
been  hence  described  as  adenoid  or  gland-like.  But  the  tissue 
is  here  so  delicate  that  we  cannot  draw  safe  conclusions  regard- 
ing its  arrangement  and  structure  from  what  remains  of  it  after 
treatment  by  chromic  acid  or  alcohol ;  nor  do  we  think  that 
the  existence  of  adenoid  tissue  as  a  special  type  is  established. 
In  silver  preparations  colourless  stellate  fields  can  sometimes 
be  observed  which  will  be  interpreted  according  to  the  ideas 
the  observer  may  have  regarding  the  significance  of  this  appear- 
ance. They  tend  to  show  that  the  tissue  is  in  reality  con- 
structed on  a  plan  analogous  to  that  of  connective  tissue  in 
other  parts. 

In  many  animals  coloured  nutter  in  a  reticulated  form  is 
found  after  the  action  of  dyes,  especially  logwood,  extending 
from  the  mucosa  to  spaces  between  the  epithelial  cells,  and 
in  these  inter-epithelial  spaces  small  nuclei  can  be  stained. 
Lymph  cells  are  also  found  between  the  epithelium  (Watney). 
There  is  thus  direct  communication  between  the  interepithehal 
spaces  and  the  mucosa. 

Debove  has  shown  the  existence  of  a  continuous  layer  of  flat 
or  endothelial  cells  immediately  under  the  epithelium  by  the 
following  method :  The  intestinal  mucous  membrane  is  ex- 
tended, the  mucous  surface  being  uppermost,  and  |  per  cent, 
solution  of  nitrate  of  silver  is  dropped  over  it.  It  is  next 
placed,  still  extended,  for  half  an  hour  in  distilled  water.  The 
brown  epithelium  is  theii  easily  removed  in  the  water.  The 
preparation  is  again  placed  in  silver  solution  for  some  time 
longer,  after  which  it  is  quickly  washed  in  water,  then  trans- 
ferred, first  to  alcohol,  thence  to  absolute  alcohol,  and  after  the 
action  of  turpentine  is  preserved  in  dammar. 

The  method  succeeds  most  easily  in  the  frog,  but  is  also 
successful  in  mammalia.^ 

Amongst  the  cojumnar  epithelial  cells  of  the  villi  search  for 
individual  cells  in  which  the  seam  is  wanting  and  the  anterior 
1  "  Archives  de  Physiologie,  1874." 
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part  of  the  cell  apparently  empty.  These  are  tlie  so-called 
gohlet  or  chalice  cells. 

Bruimer's  glands  ^vin  be  found  in  sections  of  the  duodenum 
either  hardened  by  alcohol  or  chromic  acid  or  cut  from  frozen 
tissue. 

To  see  the  ganglion  cells  of  Auerbach's  plexus  cut  out  a 
piece  of  the  small  intestine  of  a  newly-killed  guinea-pig,  distend 
it  moderately  with  air  between  two  ligatures,  and  place  it  in 
i  per  cent,  solution  of  chromic  acid.  Change  the  fluid  daily 
for  some  days,  increasing  the  strength  of  the  solution  after  the 
third  day  to  i  and  finally  to  -i-  per  cent.  Within  a  week  it 
can  be  examined.  Cut  open  the  intestine,  spread  it  out  on  a 
piece  of  cork  with  pins,  keeping  it  moist  with  the  solution, 
and  strip  off  layers  from  within  outwards.  The  ^ciDs^lion  cells 
are  found  between  the  muscular  layers. 

(For  their  demonstration  by  chloride  of  gold,  see  under  Gang- 
lion cells.) 

The  isolated  follicles  which  are  found  scattered  through  the 
small  intestine,  and  Peyer's  patches  at  its  lower  part,  require 
careful  hardening  in  chromic  acid. 

The  crypts  of  the  large  intestine  can  be  seen  by  the  same 
method. 

The  Pancreas  is  to  be  examined  by  the  same  methods  as  the 
submaxillary  gland.    The  excretory  ducts  can  be  injected. 

The  Liver. — The  liver  cells  can  be  seen  by  making  a 
section  of  the  fresh  organ  with  a  sharp  knife,  and  teasing 
out  the  section,  or  by  macerating  a  small  portion  of  liver 
substance  in  diluted  alcohol  or  Miiller's  fluid  for  a  few  hours. 
Harden  a  portion  of  the  liver  of  any  mammalian  animal 
in  alcohol  (the  swine's  liver  is  particularly  recommended), 
and  make  fine  sections  and  stain  them  in  picrocarminate,  log- 
wood, and  other  dyes.  The  foramen  in  the  centre  of  the  lobule 
is  a  transverse  section  of  a  branch  of  the  hepatic  vein.  Small 
round  apertures  between  the  cells  correspond  to  the  capillary 
bloodvessels.  Nuclei  stain  in  the  connective  tissue,  which  is 
between  the  lobules.    It  sends  in  fine  projections  between  the 
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rows  of  cells.  Treatment  by  osmic  acid  and  subsequent  aniline 
staining  is  likely  to  give  good  results  in  examining  this  delicate 
form  of  tissue.  The  arrangement  of  the  bloodvessels  in  the 
lobule  is  most  conveniently  seen  by  injecting  from  the  portal 
vein.  The  capillary  gall-ducts  can  be  injected,  although  suc- 
cessful injections  are  not  very  common.  Asp  especially  recom- 
mends for  this  purpose  a  solution  of  alcannin  in  turpen- 
tine. It  is  only  in  injected  preparations  that  they  can  be 
studied.  The  most  instructive  preparations  are  from  a  liver 
in  which  both  the  bloodvessels  and  the  bile-ducts  have  been 
injected. 

Dr.  Rutherford  ("  Practical  Histology,"  p.  180)  states  that 
"  Ludwig  has  recently  employed  a  mass,  consisting  of  asphalt 
dissolved  in  chloroform  and  filtered,  for  the  injection  of  the 
bile-ducts.  The  merit  of  this  fluid  is,  that  chloroform  being  an 
extremely  mobile  fluid,  flows  readily  along  the  vessels,  and 
that  it  rapidly  evaporates  and  leaves  them  filled  by  a  solid 
black  mass." 

Spleen. — Place  the  spleen  of  a  rabbit  or  guinea-pig  for 
several  days  in  diluted  alcohol,  then  24  hours  in  alcohol. 
Make  sections,  some  of  which  should  be  brushed  in  water  or 
shaken  in  a  test  tube.  Eepeat  this  process,  using  instead  of 
alcohol,  first  ^  per  cent,  chromic  acid  solution,  and  after 
several  days  ^  and  ^  per  cent. 

Tease  out  portions  of  the  spleen  of  the  swine  fresh,  and 
after  24  hours'  maceration  in  Miiller's  fluid.  By  these  pro- 
cesses the  general  relation  of  the  pulp  to  the  malpighian 
corpuscles  is  seen. 

The  organ  should  be  further  injected,  hardened  and  cut. 

Dr.  Klein'  has  lately  described  the  spleen  a,s  being  constituted  by 
a  honeycomb  of  cell-membranes,  a  view  which,  although  different 
from  that  hitherto  taught,  has  in  its  favour  that  it  is  in  harmony 
with  the  latest  investigations  into  the  stnicture  of  connective  tissue. 
Dr.  Klein's  method  consists  in  injecting  |  per  cent,  salt  solution  by 
the  splenic  artery  until  it  passes  clear  by  the  vein.    Tenth  per  cent. 


1  "  Quart.  Journ.  Mic.  Science,  1875." 
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solution  of  osmic  acid  is  then  iujecte,!,  the  pressure  being  main- 
tained for  20  to  30  minutes.  The  spleen  is  next  placed  entire  in 
Muller's  fluid  and  allowed  to  harden  in  it  for  8  to  10  days  It  is 
then  placed  in  alcohol  for  a  few  hours  to  complete  the  hardening, 
and  sections  are  made.  , 

The  existence  of  layers  of  flattened  cells  does  not  exclude  tlie 
possibility  of  branched  cells  also  existing  in  the  tissue,  but  this  and 
other  questions  raised  by  Dr.  Klein's  research  must  be  answered  by 
the  investigations  which  wUlAe  naturally  suggested  by  his  memoir. 

The  thymus  gland  should  be  hardened  and  cut  in  the  usual 
way. 

Lung.— In  small  portions  of  the  fresh  tissue  teased  out  m 
salt  sohition,  or  after  maceration  in  Miiller's  fluid,  the  con- 
stituent elements  can  be  recognised.  The  addition  of  acetic 
acid  to  fresh  preparations  especially  demonstrates  the  elastic 
fibres.  But  useful  preparations  cannot  be  obtained  without 
injections.  Exner  recommends  the  following  method  :  Take 
a  dead-born  child  or  other  mammal  (the  alveoli  consequently 
not  containing  air).  The  air  passages  are  injected  with  warm 
cacao  butter  (the  thorax  being  previously  warmed  through). 
As  a  result  of  the  injection  the  alveoli  acquire  the  form  wliich 
they  have  in  Ufe.  Whilst  the  cacao  butter  is  still  fluid,  the 
pulmonary  arteries  are  injected  from  the  right  ventricle  with 
BerUn  blue.  The  trachea,  arteries,  and  veins  must  of  course 
be  ligatured  immediately  after  injection,  or  the  corresponding 
canulee  plugged,  in  order  to  prevent  the  injection-mass  from 
flowing  backwards.  When  the  tissue  is  cohi  the  lung  is  placed 
in  alcohol  to  harden,  and  is  then  cut.  The  sections  are  pre- 
served in  dammar  or  Canada  balsam,  and  allowed  to  lie  in  the 
turpentine  until  all  the  cacao  butter  is  extracted. 

The  epithelium  of  the  alveoli  is  difficult  to  see  on  account  of 
its  transparency,  the  nuclei  alone  staining  by  the  ordinary 
dyes. 

The  application  of  nitrate  of  silver  and  the  injection  of  the 
lymphatics  by  puncture  are  both  of  value  in  the  study  of  the 
structure  of  the  lungs,  but  do  not  require  special  description 
here.    The  silver  may  be  mixed  with  warm  solution  of  gelatine 
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and  injected  by  the  trachea.  When  the  gelatine  has  set, 
sections  are  made  and  exposed  to  light  in  glycerine.  Sections 
through  the  dried  tissue  are  obtained  by  distending  the  lung 
■with  air  and  drying  rapidly  in  the  sun  or  near  a  fire. 

Kidneys. — Inject  with  Berlin  blue,  harden  in  alcohol,  and 
make  sections  through  the  cortical  and  medullary  substance, 
some  parallel  and  others  transversely  to  the  direction  of  the 
pyramids.  Observe  the  glomeruli  and  the  sections  of  the 
uriniferous  tubes.  It  is  most  convenient  to  select  the  kidney 
of  a  small  animal,  as  sections  through  the  whole  organ  can  be 
made. 

The  uriniferous  tubes  can  be  isolated  by  the  following  method  : 
The  kidney  is  boiled  4  to  8  hours  in  a  mixture  of  5  parts  by  measure 
of  fuming  hydrocliloric  acid  and  400  parts  absolute  alcohol,  the  flask 
used  beiug  fitted  with  a  cork  through  which  an  open  glass  tube  2| 
yards  long  is  passed  (to  condense  the  alcohol  wliich  passes  over). 
The  kidney  is  then  placed  in  water.  The  connective  tissue  is 
destroyed  by  the  process  and  the  epithehal  elements  are  easily 
isolable. 

Sections  of  frozen  kidney  and  of  the  organ  hardened  in 
2  per  cent,  solution  of  bichromate  of  potash  should  also  be 
made. 

The  demonstration  of  the  endothelium  of  Bowman's  capsules 
and  of  the  basement  membrane  of  the  uriniferous  tubes  by 
nitrate  of  silver  is  possible,  but  often  fails.  The  silver  solution 
may  be  injected  through  the  bloodvessels  and  sections  of  the 
hardened  organ  exposed  to  light.  Or  freshly-cut  surfaces  may 
be  treated  with  the  solution  in  the  ordinary  way,  hardened 
and  exposed  to  light  in  alcohol,  and  then  sections  made. 

The  ureters  and  urinary  bladder  by  the  usual  methods. 

Testicle.— Prepare  and  examine  by  the  usual  methods.  From 
the  testicle  of  the  rat  or  rabbit  cut  into  halves  and  placed  a 
few  days  in  weak  chromic  acid,  the  seminiferous  canals  are 
easily  isolable. 

The  connective  tissue  of  the  testicle  has  been  profitably  studied 
by  Mihalkowics.  He  recommends  the  rabbit's  testicle.   His  methods 
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themselves  over  the  tissue,  and  that  the  vessels  and  tubes  Dei 
embrced  by  the  iiner  bundles  are  thus  actually  invested  by  an 
endothelial  covering. 

By  teasing  out  a  portion  of  the  fresh  testicle  in  serum  some 
of  the  tubes  may  be  isolated,  and  if  they  are  then  treated  by 
nitrate  of  silver  in  the  usual  way  their  endothelial  mvestment 
is  indicated  by  the  ordinary  reticulum. 

The  Female  generative  organs  are  examined  by  means  ot 
the  ordinary  histological  methods.  In  examining  the  ovary  it  is 
advisable  to  prepare  specimens  from  new-born  animals,  and  at 
different  ages  up  to  fall  maturity.  The  elements  can  be  well 
preserved  by  hLening  the  ovary  in  Mailer's  fluid.  Osmic 
acid  preparations  are  instructive. 

Sections  of  the  ovary  of  a  young  kitten  are  recommended 
to  show  the  development  of  the  ova  from  the  columnar  epithe- 
hum  on  the  peritoneal  surface.  These  are  inclosed  by  the 
crowing  connective  tissue.  In  sections  of  the  ovary  which 
thow  the  ova  in  different  stages  of  development,  the  epithehal 
cells  of  the  Graafian  follicle  can  be  seen,  as  has  been  lately 
pointed  out  by  Foulis  and  by  Kolliker,  to  be  a  new  formation 
from  the  tissues  surrounding  the  ovum. 

The  exact  source  of  the  ceUs,  a  problem  that  involves  the  general 
cluestion  of  the  growth  of  epithelium,  has  not,  as  we  believe,  been  m 
this  instance  worked  out. 

The  spinal  cord  can  be  hardened  sufficiently  for  cutting  by 
placing  a  small  portion  in  a  large  quantity  of  i  per  cent, 
solution  of  chromic  acid.  This  should  be  changed  occasionally 
and  the  strength  of  the  solution  after  a  week  gradually  in- 
creased until  it  reaches  per  cent.  The  consistence  is  to  be 
occasionally  tested,  and  when  the  requisite  hardness  has  been 
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attained,  sections  are  made,  or  the  specimen  is  kept  for  futur& 
use  in  diluted  alcohol.  When  the  hardening  has  once  reached 
the  proper  degree,  further  action  of  [the  chromic  acid  is  in- 
jurious and  the  preparation  becomes  useless. 

The  sections  are  placed  in  solution  of  bichromate  of  potash 
for  several  days  in  order  to  part  with  some  of  the  chromic  acid 
and  make  them  fit  for  staining.  It  is  recommended  to  begin 
with  the  spinal  cord  of  fishes. 

A  2  per  cent,  solution  of  bichromate  of  ammonia  is  also- 
used  for  hardening  the  brain  and  spinal  cord. 

Gerlach's  methods  for  investigating  the  fine  nerve  network  of  the 
grey  substance  are  the  following  : 

Small  portions  of  the  spinal  cord  of  a  child  are  placed  in  1  to  2  per 
cent,  solution  of  bichromate  of  ammonia  uutU  they  are  hard  (15  to 
20  days),  the  preparation  being  left  in  a  cool  place.  Sections  are 
made  and  placed  in  a  solution  of  1  part  of  chloride  of  gold  and  potas- 
sium in  10,000  parts  of  water  which  has  been  very  slightly  acidulated 
with  hydrochloric  acid.  They  are  then  washed  in  1  part  of  hydro- 
chloric acid  in  2000  to  3000  parts  water,  and  placed  for  10  minutes 
in  a  mixture  of  1  part  of  hydrochloric  acid  in  1000  parts  of  ordinary 
alcohol.  Then  successively  in  absolute  alcohol,  oil  of  cloves,  Mid 
Canada  balsam.    After  3  to  4  hours  the  nerve  network  is  visible. 

A  second  method  :  The  spinal  cord  of  the  ox  or  calf,  whilst  stUl 
warm,  is  cut  into  fresh  sections,  which  are  made  as  tiiiu  as  possilile. 
These  are  placed  immediately  in  a  solution  of  1  part  of  bichromate 
of  ammonia  in  5000  to  10,000  parts  of  water,  in  which  they  are  left 
for  2  to  3  days  in  a  cool  Tpla.ce.  They  are  stained  by  being  put  in 
very  diluted  carmine  for  24  hours.  The  sections  are  washed  with 
water,  teased  out,  and  preserved  in  glycerine. 

The  brain  is  hardened  in  the  same  manner  as  the  spinal 
cord.  When  it  is  wished  to  make  sections  over  a  large  sur- 
face, a  broad  flat  knife  must  be  used,  and  the  section  kept 
moist  on  the  knife  by  a  gentle  stream  of  water. 

To  harden  large  portions  of  brain,  put  them  in  absolute- 
alcohol  coloured  by  a  few  drops  of  tincture  of  iodine.  When 
the  alcohol  is  colourless  (after  a  day)  add  a  few  drops,  and 
repeat  this  procedure  until  the  colour  of  the  iodine  is  retained.. 
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The  preparation  is  then  placed  in  solution  of  bichromate  of 
potash  until  it  is  sufficiently  hard  to  cut. 

Sections  of  the  substance  of  the  central-nervous  system  can 
be  rapidly  made  transparent  by  transferring  them  from  spu-it 
to  ether,  and  thence  to  chloroform,  in  which  they  become  im- 
mediately transparent.  They  can  then  be  made  permanent 
in  dammar  or  Canada  balsam. 

Gerlach's  gold  method,  described  at  page  104,  can  be  applied 
to  the  brain  in  investigating  the  nerve  fibres  in  the  cortical 
substance.  Maceration  for  a  week  in  glycerine  of  portions 
which  have  been  treated  by  j\  per  cent,  solution  of  osmic 
acid,  is  recommended  for  the  same  purpose.  The  preparation 
when  examined  must  be  protected  from  the  pressure  of  the 
cover-glass. 

The  nerve-cells  and  axis-cylinders  stain  readily  in  several  of 
the  anQine  dyes,  both  in  alcoholic  and  watery  solutions. 

THE  EYE. 

In  order  to  examine  the  relative  position  of  the  different 
structures,  make  a  cut  over  the  equator  of  a  fresh  eye  with  a 
sharp  knife,  and  let  the. eye  remain  in  Muller's  fluid  for  2  to  3 
weeks.  Cut  the  hardened  bulb  into  several  pieces  from  before 
backwards.  Embed  and  make  sections.  The  relative  position 
of  the  cornea,  iris  and  the  layers  of  the  bulb  can  be  examined 
under  a  low  power.  In  such  sections  the  iris  is  applied  to  the 
inner  surface  of  the  cornea. 

The  bloodvessels  of  the  eye  of  a  small  animal  can  be  in- 
jected from  the  ascending  aorta.  The  lymph  spaces  can  be 
injected  by  puncture  with  soluble  Berlin  blue  from  the  sub- 
choroidal  space.  The  point  of  puncture  should  be  equidistant 
from  the  corneal  border  and  the  equator  of  the  eye. 

The  cornea. — The  anterior  epithelium  can  be  isolated  by 
the  ordinary  methods.  It  can  be  examined  in  situ  by  cutting 
out  the  cornea  of  a  frog,  staining  it  by  gold  or  silver,  and  ex- 
amining in  glycerine  with  the  anterior  surface  upwards. 
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In  the  anterior  epithelium  of  tlie  cornea  of  young  rabbits, 
treated  by  gold  whilst  the  eyeball  is  entire,  logwood  staining 
demonstrates  minute  lozenge-shaped  nuclei  at  various  points 
between  the  epithelial  cells.  They  may  also  be  observed  in 
the  frog's  cornea,  but  not  so  easily. 

The  endothelium  on  the  inner  surface  of  Descemet's  mem- 
brane is  delicate  and  easily  destroyed.  It  may  be  seen  in  the 
frog's  cornea,  examined  fresh  in  aqueous  humour,  some  hours 
after  the  death  of  the  animal,  but  great  care  must  be  taken 
not  to  injure  it.  It  can  be  seen  more  easily  by  the  following 
method :  Pith  a  frog,  and  drop  some  silver  solution  over  the 
cornea,  or  touch  it  lightly  with  nitrate  of  silver.  In  a  few 
minutes  cut  its  head  off,  and  excise  the  cornea.  Mount  it  in 
glycerine  with  the  inner  surface  upwards.  As  soon  as  the 
light  has  acted,  the  large  nuclei  of  the  cells  and  generally  some 
of  the  cell  oi^itlines  are  visible. 

Place  the  newly-excised  cornea  of  a  frog  in  ^  per  cent,  silver 
solution  for  a  few  minutes,  then  dip  it  in  water,  and  expose  it 
to  sunlight  in  glycerine,  the  epithelium  being  gently  removed 
by  a  small  brush  or  the  edge  of  a  knife.  The  cornea  vnll  in 
this  instance  be  formed  of  a  dark  substance  intersected  by 
colourless  anastomosing  figures.  The  same  appearance  is  seen 
if  the  corneal  surface  is  touched  by  the  caustic  a  few  minutes 
before  the  death  of  the  animal,  and  this  is  the  method  some- 
times recommended  for  the  demonstration  of  these  colourless 
figures  in  a  dark  ground.  The  application  of  the  silver  whilst 
the  animal  is  alive  is  unnecessary.  It  is  sufficient  if  the  cornea 
be  taken  immediately  after  the  death  of  the  animal. 

Sometimes  in  a  silvered  cornea,  and  more  frequently  if  from 
a  young  animal,  instead  of  stellate  colourless  figures,  a  corre- 
sponding appearance  of  a  dark  substance  formed  by  the  aggre- 
gation of  minute  black  granules  is  observed.  The  chances  of 
this  appearance  being  obtained  are  increased  if  the  cornea, 
after  being  removed  from  the  silver  solution,  is  placed  in  h  per 
cent,  salt  solution,  instead  of  water,  before  being  exposed  to 
light  in  glycerine. 
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The  silver  process  should  be  repeated  with  corneas  of  different 
animals  and  at  different  ages,  and  at  varying  periods  after 
death,  and  shonld  also  be  modified  as  follows :  The  fresh  eye- 
ball is  placed  entire  for  a  minute  in  per  cent,  silver  solution, 
the  anterior  epithelium  is  then  carefully  removed,  and  the  eye- 
ball replaced  in  the  silver  solution  for  a  minute  or  two  longer. 
It  is  then  plunged  for  a  few  seconds  in  J-  per  cent,  salt  solu- 
tion, after  which  it  is  cut  out,  stained,  and  examined  in  gly- 
cerine. 

The  cornea  of  the  frog,  mouse,  and  rat  are  sufficiently  thm 
to  be  examined  entire.  The  thicker  corneas  of  larger  animals 
must  be  transferred  from  the  silver  solution  to  alcohol  until 
they  are  sufficiently  hard  to  be  cut.  The  entire  bulb  should 
in  some  instances  be  hardened:  in  others  only  the  excised 
cornea. 

Corneas  prepared  by  each  of  these  different  methods  should 
be  placed  for  several  days  in  2  per  cent,  acetic  acid.  The 
lamincB  can  then  be  detached  by  fine  forceps,  and  separately 
examined  in  glycerine. 

By  any  one  of  these  different  methods  the  ordinary  dark 
colourless  fio-ures  of  the  "  silvered  cornea"  can  be  seen,  but  to 
be  able  to  interpret  them  it  is  necessary  to  make  use  of  all  the 
processes. 

With  the  exception  of  these  invariable  colourless  stellate 
figures  in  a  dark  ground,  all  the  other  appearances  in  the 
cornea,  and  the  most  instructive  of  them,  are  obtained  only  in 
exceptional  instances. 

In  the  corneas  which  have  been  silvered  whilst  the  bulb  is 
entire  (and  sometimes  in  the  others,  although  much  more 
rarely),  the  position  of  the  corneal  nerves  is  indicated  by  long 
wide,  straight,  colourless  spaces,  which  become  narrower  as 
they  approach  the  centre  of  the  cornea,  bifurcate,  and  are 
finally  lost  in  the  ordinary  spaces.  One  of  these  straight 
colourless  spaces  from  the  rabbit's  cornea  is  shown  in  fig.  7,  a  ; 
the  silver  markings  indicating  the  existence  of  flat  cells  are 
shown  at  h;  the  continuity  Avith  the  colourless  spaces  of  the 
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cornea  at  c  ;  the  stained  suhstaniia propria  at  d  ;  and  the  ordinary 
colourless  spaces  of  the  silvered  cornea  at  e. 


Fig.  7.    The  sheath  of  a.  nerve-trunk  and  its  endotheHum  in  the 
cornea  of  a  rabbit. 

Occasionally,  in  very  successful  preparations,  in  this  straight 
colourless  space  there  is  a  complete  reticulum  of  the  ordinary 
silver  markings,  which  indicate  a  connected  layer  of  flat  cells, 
and  there  is  no  doubt  that  they  indicate  a  lymph  channel  sur- 
rounding the  nerve.    On  the  border  of  this  lymph  channel  a 
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narrow  colourless  part  can  sometimes  bo  found,  which  connects 
the  nerve  space  and  an  ordinary  steUate  colourless  space. 

In  the  colourless  stellate  spaces  the  narrow  silver  markings 
can  sometimes,  although  not  often,  be  seen.  Frequently  only 
isolated  lines  are  seen  crossing  a  space.  Less  frequently  Imes 
can  be  seen  joining  each  other  at  an  angle,  and  in  more  fortu- 
nate preparations  the  complete  contour  of  a  cell  can  be  ob- 
served. In  all  these  instances  it  is  to  be  noticed  that  the 
silver  lines  have  no  definite  relation  to  the  stellate  colour- 
less space.    It  is  crossed  by  them  in  every  possible  variety  of 


manner. 


The  cornea  of  young  guinea-pigs  is  well  fitted  for  the  pro- 
duction of  the  silver  lines,  but  for  preparations  showing  their 
extent  and  nature,  the  cornea  of  the  mouse  offers  unusual  ad- 
vantages.   Being  very  prominent,  it  can  be  removed  by  one 


Fig.  8.    Complete  endothelial  layer  in  the  substance  of  a  mouse's 
cornea,  demonstrated  by  nitrate  of  silver. 

stroke  of  the  scissors.  It  should  be  placed  for  1  to  3  minutes 
in  ^  or  per  cent,  silver  solution,  then  dipped  for  a  second  in 
salt  solution,  and  immediately  placed  in  sunlight  in  glycerine. 
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As  soon  as  it  shows  the  faintest  brown  tint  the  epithelium 
should  bo  removed  and  the  cornea  examined.  The  lines  can 
then  be  sought  for.  If  not  found  the  process  should  be  re- 
peated on  another  cornea.  There  is  a  stage  in  the  staining 
which  is  specially  adapted  for  the  study  of  the  silver  lines- — 
that,  namely,  in  which  the  colouring  of  the  ground  substance 
is  confined  to  faint  yellowish-brown  islands  in  a  colourless 
field.  The  lines  in  the  colourless  ground  form  a  complete 
reticulum,  which  is  mostly  interrupted  hy  the  stained  patches. 
Where  the  staining  is  very  faint  the  lines  can  be  traced  over 
and  beyond  the  patch,  showing  that  tire  interruption  of  the 
lines  in  a  stained  cornea  is  due  to  their  being  covered  and 
optically  obliterated  by  the  dark  ground  substance. 

It  is  convenieBt  to  consider  here  the  interpretation  which  can 
be  given  to  the  appearances  produced  by  nitrate  of  silver  in  the 
cornea,  and  how  far  they  can  be  applied  to  silver  appearances  in 
general. 

Black  deposit  of  albuminate  of  silver  is  seen  in  the  coruoa  in  three 
different  forms  ;  as  a  reticulum  of  black  jagged  lines,  as  lai-ge  black 
granules  arranged  linearly  or  in  anastomosing  stellate  masses,  and 
as  an  apparently  homogeneous  mass  coincident  with  the  siihstaniia 
propria.  There  is  to  be  considered  further  the  uncoloured  spaces 
seen  in  the  substance  of  the  coloured  mass. 

The  meshes  of  the  network  are  similar  in  size  and  arrangement  to 
networks  that  can  in  many  parts  be  easUy  shown  to  coiTespond  to  a 
layer  of  cells,  and  it  is  therefore  fair  to  assume  that  in  the  substance 
of  the  cornea  the  same  appearance  should  receive  a  similai-  interpre- 
tation. It  is  occasionally  possible  to  demonstrate  a  nucleus  in  the 
centre  of  the  cell-outline. 

The  dark  granules  in  linear  and  stellate  form  consist  of  albumi- 
nate of  silver.  In  teasetl  out  preparations  they  are  found  adherent 
to  the  lamellaj  and  bundles,  but  are  easily  disturbed  by  the  nsedle. 
There  is  no  element  with  a  definite  contom-,  or  wall  which  can  be 
isolated,  and  within  which  the  granules  are  contained.  They  have, 
in  fact,  never  been  isolated  as  independent  bodies,  and  are  simply 
an  aggi'egation  of  separate  particles. 

There  is,  therefore,  no  prima,  facie  groimd  for  supjDOsing  them  to 
exist  as  individual  elements.  Further,  by  various  methods  a  system 
of  channels  in  the  cornea  corresponding  to  the  silver  deposit  can  be 
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demonstrated  by  injection.  On  these  grounds  the  idea  that  the 
stellate  masses  of  albuminate  of  silver  are  cells  ouglit  to  be  aban- 
doned. If  the  appearance  is  still  to  be  characterised  as  the  cornea 
corpuscle  "  it  should  be  borne  in  mind  that  the  word  corpuscle 
here  the  same  meaning  as  in  the  term  "bone  corpuscle/  which  is 
applied  to  the  spaces  in  bone,  but  on  account  of  its  long  associatiou 
with  a  mistaken  notion  regarding  the  ceUular  elements  of  the  cornea 
the  continued  use  of  the  term,  after  the  idea  it  originally  expressed 
may  be  considered  as  exploded,  is  only  likely  to  produce  confusion. 
The  terms  cornea  cor2ntscle  and  connective  tissue  corpuscle  are  no 
longer  consistent  with  precision  in  histological  nomenclature,  and 
must,  in  course  of  time,  have  no  other  than  a  historical  interest  or 

The  linear  arrangement  of  black  granules  is  susceptible  of  a 
similar  interpretation.  They  show  that  an  albuminous  substance 
exists  free  in  the  cornea,  and  is  arranged  linearly,  but  as  no  sub- 
stance of  a  corresponding  form  can  be  isolated,  we  cannot  assume 
more  from  the  appearance  than  that  the  amorphous  matter  corres- 
ponds to  an  arrangement  of  the  substantia  jnwria.  The  demon- 
stration of  bundles  indicates  their  interstices  as  the  seat  of  this  al- 
buminous substance. 

The  colourless  stellate  anastomosing  figures  show  that  there  is  a 
deficiency  in  the  ground  substance  of  at  least  a  corresponding  extent, 
but  thej'  show  nothing  more.  They  do  not  by  themselves  teach  us 
whether  there  is  absence  of  structure  in  these  "  fields  "  or  whether 
they  correspond  to  a  substance  that  refuses  the  sUver  impregnation. 
Nor  do  they  teach  us  whether  there  is  a  special  wall  or  membrane, 
(which  must  exist  if  they  correspond  to  a  system  of  closed  canals),  or 
whether  they  are  simply  spaces  left  by  the  apposition  of  bundles  and 
lamelte  of  unequal  thickness,  or  with  occasional  interrupted  con- 
tmuity.  The  preparations  in  which  the  ground-substance  is  faintly 
stained,  and  in  which  ceUular  lines  are  seen  to  traverse  the  spaces 
in  a  network,  without  regard  to  the  contour  of  the  more  fuUy  de- 
veloped spaces,  prove  convincingly,  in  our  opinion,  that  the  latter 
are  produced  where  the  lamellas  and  bundles  are  not  in  close  contact 
with  each  other,  and  that  they  do  not  indicate  a  system  of  canals 
with  distinct  walls. 

The  term  cell  spaces,  stiU  frequently  applied  to  these  colourless 
fields,  is  ambiguous,  and  should  be  avoided.  It  is  a  reUct  of  the  old 
notion,  no  longer  tenable  now,  that  the  metallic  silver  or  gold  de- 
posit produced  between  the  laminte  of  the  cornea  takes  place  in  cells. 
Whilst  this  idea  prevailed  it  was  natural  to  consider  the  colourless 
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fields  in  which  tliis  deposit  took  phice  as  spaces  in  which  tlie  cells 
"were  contained,  and  therefore  to  designate  thera  cell  spaces.  But  it 
is  not  only  illogical  to  coiitiniie  the  use  of  the  term  after  the  mean- 
ing which  it  cx]3ressed  has  Leeu  given  up,  but  in  the  present  transi- 
tion state  of  histological  opinion  is  likely  to  retard  progress. 

In  sections  of  soft  fresh  tissues  moi'c  frequently,  and  occasionally 
in  sections  of  harder  tissues  like  the  cornea  or  cartilage,  which  are 
treated  by  silver,  the  surface  being  stained  the  usual  brownish-black 
colonr,  iuterspei-sed  colourless  patches  or  "  fields,"  analogous  to  those 
usually  seen  within  the  substance,  may  be  found  on  the  free  suiface. 
These  superficial  fields  have  projections,  or  processes,  and  are  fre- 
quently jagged  in  contour.  It  is  certain  in  this  case  that  they  cor- 
respond to  a  substance  that  refuses  the  silver  impregnation,  and  the 
jagged  edges  show  that  a  poi'tion  of  tliis  only  has  been  left  in  the 
preparation.  When  this  experience  is  taken  in  connection  with  the 
fact  that  colourless  silver  fields  are  frequently  intersected  by  cellular 
lines,  the  inference  is  allowable  that  colourless  silver  fields  in  general 
correspond  to  investing  substances,  of  which  layers  of  flat  cells  form 
a  part.  These  substances  are  usually  spoken  of  as  cellular  mem- 
branes, the  membrane  being  supposed  to  be  formed  by  the  cells.  It 
is  certain  that  in  many  instances  this  is  not,  and  perhaps  never  is, 
the  case,  the  cells,  although  sometimes  closely  agglutinated  to  the 
subjacent  membrane,  not  actually  forming  part  of  it.  Appearances 
observed  by  us  in  the  retina  of  frogs  and  mammals  tend  to  show 
that  both  the  cells  and  the  subjacent  membrane  usually  refuse  the 
silver  impregnation. 

To  observe  the  appearances  produced  by  cliloride  of  gold, 
cut  out  the  cornea  of  a  frog,  mouse,  rat,  or  young  guinea-pig, 
place  it  20  to  30  minutes  in  h  per  cent,  gold  solution,  and 
then  expose  it  to  sunlight  in  water  acidulated  with  a  few  drops 
of  acetic  acid  until  it  acquires  a  deep  violet  coloui-.  After 
washing  it  with  distilled  water  place  it  on  an  object-glass  in 
glycerine,  and  with  scissors  or  knife  make  four  incisions  from 
the  circumference  towards  the  centre.  This  is  done  in  order 
that  the  cornea  may  lie  fiat  on  the  glass.  Examine  in  gly- 
cerine after  removing  the  epithelium. 

Large  flattened  slate-coloured  nuclei  are  seen,  and  frequently 
around  the  nuclei  a  dark  violet  deposit  of  a  finely  granular 
substance— the  result  of  reduction  of  the  gold-chloride.  This 
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deposit  is  usually  in  a  stellate  form,  the  figures  which  it  pro- 
duces anastomosing  with  each  other.  But  it  is  also  sometimes 
linear  as  well  as  stellate,  corresponding  to  the  similar  deposit 
in  silver  preparations. 

Embed  corneas  which  have  been  treated  with  gold  and 
make  vertical  and  transverse  sections. 

In  the  vertical  sections  observe  that  the  lamella;  are  sepa- 
rated from  each  other  by  this  gold  deposit,  and  that  the  lines 
bounding  the  lamellas,  although  mostly  parallel  to  each  other, 
occasionally  rise  or  fall  and  join  those  of  the  range  above  or 
below,  showing  that  the  lamelte  are  not  continuous  in  their 
parallel  course  over  the  whole  cornea. 

Tease  out  thin  transverse  sections  carefully  with  needles, 
and  observe  the  characters  of  the  gold  precipitate.  It  will  be 
observed  that  it  is  formed  in  an  amorphous  substance  that  has 
neither  definite  size  nor  contour,  and  does  not  constitute  an 
individual  structure.  It  is  not  a  cell,  therefore,  as  has  been 
generally  taught.  The  formation  of  this  anastomising  gold 
precipitate — frequently  described  as  the  "  cornea  corpuscle  " — 
affords  a  convenient  method  of  studying  the  position  of  the 
bundles  and  lamellfe.  There  is  a  nucleus  visible  in  this  mass, 
but  it  does  not  belong  to  it,  although  the  great  difficulties 
connected  with  the  study  of  the  corneal  cells  have  led  to  their 
being  confounded  as  parts  of  a  definite  structure. 

To  examine  further  the  nuclei  of  the  cornea  the  following  methods 
are  recommeuded.  Place  the  eyeball  of  a  rat  entire  in  ^  per  cent, 
gold  solution  for  half  an  hoiu-,  then  for  several  days  in  weakly  acidu- 
lated water,  excise,  and  stain  it  in  logwood  and  examine. 

Place  the  entire  eyeball  of  a  small  animal  in  i  per  cent,  gold 
solution  for  an  hour,  the  epithelium  being  previously  gently  re- 
moved. Then  cut  out  the  cornea,  place  it  on  a  sUde  in  a  lai-ge  drop 
of  gold  solution,  put  a  cover-glass  over  it,  carefully  wipe  off  any  of 
the  fluid  that  may  escape  beyond  the  latter,  and  run  Brunswick 
black  round  the  edge.  Examine  at  intervals  during  the  first  24 
hours.  The  nuclei,  although  not  stained,  are  visible,  and  in  a  suc- 
cessful preparation  of  this  kind  a  much  greater  number  of  nuclei  are 
seen  than  when  the  ordinary  staining  processes  are  used.  Especially 
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along  the  nerves  numljers  of  narrow  elongated  rniclei  are  observed. 
Staiu  tlie  coruea  in  ])iir|)uriuo  solution  and  examine  the  nuclei.  The 
rat's  cornea  is  especially  adapted  for  this  staining,  and  we  have  ob- 
tained jireparations  from  tliis  animal,  in  which  an  extraordinary 
number  of  nuclei  on  the  nerves  were  coloured. 

There  are  other  methods  by  wliich  essential  points  regarding  the 
structure  of  the  cornea  are  demonstrable,  but  success  by  them  is  so 
rare  that  they  are  hardly  to  be  undertaken  by  beginners.  Amongst 
these  are  sealing  sections  through  the  fresh  cornea  in  i  and  in  10 
per  cent,  salt  solutions,  sealing  obliquely-cut  fresh  sections  in  aqueous 
humour  and  examining  frequently  during  the  first  three  days  after- 
wards, in  order  to  detect  cellular  elements  of  the  cornea  (rounded, 
polygonal,  and  elongated  narrow  cells). 

Inject  I  per  cent,  gold  solution  from  the  aorta  or  carotid  'of  a 
young  rabbit,  until  the  eyeball  is  very  tense,  and  after  half-an-hour 
cut  out  the  eyeball,  place  it  for  a  day  in  acidulated  water,  and  then 
excise  the  cornea  and  examine  it  in  glycerine.  In  such  preparations 
fine  fibres  are  to  be  looked  for  in  the  cornea  substance  and  minute 
oval  nuclei,  which  are  very  different  from  the  nuclei  usually  seeu  in 
cornea  preparations.  Konigstein  ("Vienna  Academy's  Transac- 
tions, 1875")  recommends  the  following  method  :  A  cornea  which 
has  been  stained  by  gold  is  placed  in  a  mixture  of  equal  parts  of  the 
hydrochloric  acid  of  commerce  and  distilled  water,  a  few  drops  of 
glycerine  being  added.  After  some  hours,  or  as  soon  as  the  cornea- 
substance  falls  to  pieces  when  dragged  through  the  fluid  by  forceps, 
the  lamellcn  and  portions  of  them  are  examined  in  the  fluid.  Konig- 
stein found  appearances  which  he  describes  as  anastomising  branched 
corpuscles.  What  we  found  by  a  short  trial  of  this  method  was 
that  delicate  minute  cylindrical  fibres,  having  the  optical  characters 
of  elastic  fibres,  are  seen  thickly  interwoven  with  the  fibrillar}^  cor- 
neal tissue.    The  stellate  amorjDhous  gold  deposit  was  unchanged. 

The  true  stellate  cells  of  the  cornea  (bodies  with  a  small  amount 
of  protoplasm  and  uniform  delicate  cylindrical  processes  of  a  calibre 
not  greater  than  that  of  the  elastic  fibres  found  in  serous  membranes, 
and  much  resembling  them  in  appearance),  are  hardly,  as  fai-  as  we 
know,  to  be  successfully  demonstrated  except  after  the  spaces  be- 
tween the  bundles  and  lamellae  have  been  distended  by  inflamma- 
tion. They  have  not  been  described  except  by  ourselves.  Figures 
9  and  10,  from  preparations  of  the  inflamed  rabbit's  cornea,  show 
the  eifects  of  gold  and  osmic  acid  solutions  in  demonstrating  these 
cells  when  the  action  of  the  fluids  has  been  facilitated  by  distension 
of  the  spaces  between  the  lameUas. 
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The  stellate  cells  of  tlie  coruea  cau  further  be  sometimea  recog- 
nised in  thin  transverse  sections  through  the  fresh  ox  cornea, 
mounted  in  aqueous  humour,  and  examined  with  a  good  immersiou 
lens  a  few  hours  afterwards.    But  the  appearance  then  seen  is  only 


Fig.  9.  Stellate  cells  in  an  inflamed  i-abbit's  cornea,  demonstrated 
by  osmic  acid  and  aniline  red.  The  small  roiind  bodies  are  colour- 
less blood  corpuscles. 

valuable  iu  so  far  as  it  can  be  controlled  by  gold  and  osmic  acid 
preparations. 

We  believe  that  there  are  fui-ther  minute  spindle  cells  in  the 
cornea,  and  that  their  miclei  constitute  the  dagger-shaped  figures 
seen  in  preparations  of  the  inflamed  cornea.    The  nuclei  of  these 


Fig.  10.    Stellate  cells  in  an  inflamed  rabbit's  coruea,  demonstrated 
by  gold.    (The  processes  in  the  preparation  are  dark  throughout.) 

cells  are  seen  in  gold-injected  preparations,  and  occasionally  fine 
processes  can  be  followed  on  each  side  of  the  nucleus.  This  appear- 
ance is  more  decided  in  osmic  acid  preparations  of  the  inflamed 
cornea,  when* the  sections  are  very  thin  and  subsequently  stained  in 
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red  aniline.  Tlie  oLvious  objection  that  may  be  raised  that  we  have 
to  do  with  the  nnclens  and  body  of  a  flat  cell  seen  in  profile,  can 
only  be  effectually  answered  when  an  easy  method  is  discovei'ed  of 
isolating;  the  figures.  At  tlie  same  time,  we  have  good  grounds  for 
describing  them  as  spindle  or  fusiform  cells. 

Wlien  the  cornea  substance  is  rapidly  disintegivated  by  strong 
acids  or  alkalies  after  a  metallic  deposit  has  been  ])roduced  by  gold 
in  the  interlamellar  spaces,  the  membranous  substance  to  which 
the  deposit  adheres  resists  the  solvent  action  longer  than  the  bundles 
of  tissue,  and  is  accordingly  isolated. 

These  membranous  shreds  were  at  one  time  mistaken  for  the  walls 
of  canals,  and  have  been  also  considered  as  cellular  elements.  The 
ajipearauce  is  analogous  to  the  so-called  "  bone  corpuscle"  isolated 
by  warm  soda  lye  from  bone.  Tubular  membranous  substances,  ' 
isolated  from  the  retina,  and  described  as  radial  fibres  (but  which, 
we  shall  afterwards  see  are  not  the  true  filires),  fall  within  the  same 
category.  The  fact  that  nuclei  may  adhere  to  them,  makes  the 
appearance  the  more  illusory.  They  are  not  cellular  structures,  and 
the  form  in  which  they  are  observed  depends  on  the  fact  that  the 
membrane  which  faces  the  spaces  is  isolated,  while  its  continuations 
between  the  bundles  and  more  compact  portions  of  the  lamelliB  ai'e 
severed. 


The  large  delicate  fiat  cells  demonstrated  in  tlie  liealthy 
cornea  by  silver,  and  the  stellate  and  spindle  cells  we  liave 
just  described,  do  not  exhaust  the  category  of  cornea  cells. 
If  the  cornea  of  the  ox  is  treated  by  saturated  potash  solution, 
and  the  operation  is  successful,  narrow  elongated  cells  are 
isolated  which  had  never  been  seen  until  we  observed  them 
by  this  method.    The  longest  of  thejn  are  of  great  length,  and 

very  narrow,  and  numbers  are  found 
which  have  an  uniform  length  and 
breadth.  Two,  in  rare  cases  three, 
of  these  long  narrow  cells  are  some- 
times found  isolated  and  sutured  to 
In  isolated  cells  a  fine  serrated  edge 


Fig.  11.  Elongated  narrow 
cell  from  an  ox  cornea, 
demonstrated  by  satu- 
rated solution  of  jjotash. 


each  other,  end  to  end. 
can  be  seen  at  the  extremity,  by  means  of  which  the  suture  is 
effected.  The  nucleus  is  oval,  is  situated  at  one  end  of  the 
cell,  and  occupies  nearly  its  whole  breadth.    Large  fields  of 
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these  cells  are  seen  lying  parallel  to  each  other,  and  in  contact 
laterally,  and  it  is  often  to  be  observed  tliat  at  one  end  they 
are  sutured  to  small  rounded  cells. 

In  addition  to  these  narrow  elongated  cells,  others  of  the 
size  and  form  of  ordinary  endothelium  separated  or  joined  in 
groups  are  preserved  and  isolated  by  the  same  procedure. 

We  are  accustomed  to  apply  this  method  to  the  cornea  in 
the  following  manner :  Fresh  eyes  of  the  sheep  or  ox  give 
more  frequent  success  than  the  cornea  of  smaller  animals.  If 
the  anterior  epithelium  is  removed  before  operating,  this 
should  be  done  whilst  the  eyeball  is  entire,  and  12  hours  after 
death  it  is  easily  effected  by  scraping  the  surface  of  the 
cornea  with  a  scalpel,  beginning  at  one  border  and  carry- 
ing off  the  whole  of  the  epithelium  regularly  towards  the 
other.    The  cornea  should  be  injured  in  this  process  as  little 
as  possible.    In  a  successful  operation,  after  the  epithelium  is 
removed,  masses  of  the  narrow  elongated  cells  and  others  of 
more  ordinary  form  are  still  found.    If  the  epithelium  has 
been  left  intact,  it  is  seen  in  the  preparation,  always  provided 
the  experiment  has  been  successful,  and  it  is  invariably  found 
unaltered,  the  cells  having  the  same  size  and  shape  which 
distinguish  them  when  isolated  by  the  ordinary  methods. 

The  excised  cornea,  entire  or  cut  into  several  pieces,  is  laid 
in  aqueous  or  vitreous  humour  saved  for  the  purpose  until  the 
solution  is  ready.  A  small  vessel  thoroughly  dry  is  prepared, 
and  a  thermometer  is  suspended  over  it,  in  such  a  manner  that 
the  bulb  will  be  in  the  upper  stratum  of  the  solution.  The 
caustic  potash  (not  less  than  15  grammes)  is  ground  to  powder 
in  a  mortar,  and  an  equal  weight  of  distilled  water  (as  many 
cubic  centimeters  as  there  are  grammes  of  potash)  is  poured 
over  it,  and  rapid  solution  favoured  by  stirring.  As  soon  as 
the  potash  is  dissolved,  the  solution  is  poured  into  the  vessel, 
and  the  thermometer  watched.  If  the  temperature  runs  up 
rapidly  to  13.5°  or  140"  Fahrenheit,  it  is  of  good  augury;  if 
not  over  120°,  it  augurs  badly;  if  not  over  110°,  it  will  hardly 
succeed — unless  indeed  the  potash  used  has  been  purified  in 
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the  manufacture  by  preparation  with  alcohol  :  in  which  case  we 
do  not  lay  so  much  weight  on  the  amount  of  heat  generated 
by  the  solution  as  a  test  of  the  probable  success  of  the  ex- 
periment. 

As  the  thermometer  falls,  the  cornea  is  laid  on  a  cover-glass 
to  remove  the  excess  of  aqueous  or  vitreous  humour,  and  when 
the  temperature  has  decreased  to  107°  Fahrenheit,  is  placed  in 
the  fluid.  In  a  few  minutes  it  is  ready  for  examination,  a 
small  portion  being  removed  on  the  point  of  a  needle,  and 
broken  up  in  a  drop  of  the  solution. 

Whether  the  experiment  is  to  be  a  successful  one,  can  after 
a  little  experience  be  inferred  from  the  appearance  of  the 
cornea  after  it  has  been  acted  on  by  the  potash.  If  it  flattens 
out  on  the  surface  of  the  fluid  as  a  pulpy  gelatinous-looking 
mass,  it  is  either  for  the  most  part  or  entirely  a  failure.  In  a 
perfectly  successful  experiment,  the  cornea  as  it  contracts  in- 
creases in  thickness,  has  a  white  granular  appearance,  and  the 
little  masses  detached  by  the  needle  have  no  adhesion  to  each 
other. 

The  success  of  the  experiment  can  in  no  case  be  calculated 
on  beforehand,  and  depends  on  conditions,  some  of  which  are 
unknown  to  us.  An  important  one  is  chemical  purity  of  the 
caustic  potash,  and  another  is  its  absolute  dryness.  We  have 
never  succeeded  with  potash  bought  from  the  retail  shops. 
Our  first  and  very  successful  series  of  experiments  were  made 
with  potassa  fusa  in  stick,  obtained  from  a  well-known  firm  of 
manufacturing  chemists  ;  but  latterly  the  potash  bought  from 
the  same  firm  has  been  invariably  a  failure,  a  fact  anticipated 
by  us  at  the  first  trial  on  account  of  the  comparatively  small 
degree  of  heat  generated  in  the  process  of  solution.  This,  it 
has  been  explained  to  us,  is  due  to  the  source  of  potash  for 
wholesale  houses  having  changed  from  Canada  to  Germany, 
and  to  the  new  supply  being  chemically  less  pure  than  the 
former  one.  We  have  therefore  been  obhged  to  use  the  more 
expensive  potash  which  is  purified  by  alcohol,  and  by  its  use 
we  are  able  to  get  a  fair  proportion  of  successful  preparations. 
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Other  conditions  are  evidently  connected  with  the  cornea 
i  tself.  It  has  often  happened  to  us,  that  of  a  number  of  corneas 
removed  from  animals  killed  at  the  same  time,  kept  in  the  same 
vessel  until  used,  and  treated  by  solutions  of  the  same  sample 
of  potash,  one  succeeded,  and  all  the  others  failed.  Of  a  num- 
ber of  frogs'  eyes,  put  entire  into  the  solution  in  order  to  ex- 
amine another  tissue,  a  successful  demonstration  of  the  corneal 
cells  was  only  found  in  one.  (We  had  learned  at  an  early 
stage  of  our  experiments  that  success  is  seldom  obtained  from 
the  frog's  cornea.) 

The  rapidity  with  which  the  solution  comes  into  contact 
with  the  substance  of  the  cornea  may  have  some  influence  m 
the  matter,  as  although  success  may  be  obtained  after  the 
anterior  epithelium  has  been  completely  removed,  we  have 
reason  to  believe  (we  have  not  been  able  yet  to  establish  the 
fact  with  certainty)  that  the  chances  of  success  are  increased  if 
the  epithelium  is  left  in  its  place.  As  in  this  case  the  epi- 
thelium can  be  afterwards  isolated  entire  in  masses,  it  is 
evident  that  it  must  when  in  siiu  have  an  influence  on  the 
rapidity  with  which  the  solution  penetrates  the  cornea  in  the 
first  instance. 

In  connection  mth  the  relation  which  these  cells  have  to 
the  corneal  substance,  it  is  to  be  noted  that  they  are  often 
found,  even  when  isolated,  joined  end  to  end,  and  that  many 
of  them  have  the  same  breadth  as  the  primary  bundles  of  the 
corneal  substance.  These  facts  suggest  that  the  cells  may  be 
closely  applied  to  the  surface  of  the  bundles,  a  theory  that 
receives  confirmation  from  an  observation  we  have  lately  made. 
"Whilst  examining  a  portion  of  a  cornea  which  had  been  for  a 
very  short  time  in  solution  of  potash  purified  by  alcohol,  the 
drop  of  fluid  used  being  a  large  one,  we  observed  the  corneal 
substance  undergoing  a  process  of  solution.  The  portion 
under  examination,  when  first  seen,  consisted  of  a  large  mass 
of  straight,  parallel,  extremely  fine  fibrilliB.  As  these  grad- 
ually disappeared,  and  as  the  part  became  more  transparent, 
an  arrangement  of  _bundles  was  indistinctly  seen  for  an 
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instant,  and  as  this  vanished  nothing  was  left  hut  a  large  inass 
of  narrow  elongated  cells  which  occupied  the  position  of  the 
bundles. 

Layers  of  small  rounded  or  hexagonal  cells,  similar  to  some 
of  the  patches  indicated  by  potash,  can  be  sometimes  ob- 
served in  the  cornea  after  inflammation  which  has  lasted 
for  a  very  short  time.  Fig.  12  sliows  part  of  such  a  layer 
from  the  cornea  of  a  rabbit  Avhich  had  been  4  hours  inflamed, 
and,  after  excision,  treated  by  gold,  and  exposed  to  light  in 
acidulated  water.    By  altering  the  focus,  several  similar  layers 


Fig.  12.  Layer  of  flat  cells  lu  an  inflamed  rabbit's  cornea,  demon- 
strated by  gold.  The  demonstration  is  complete  on  the  right  of  the 
figure,  and  incomplete  on  the  left. 

were  seen  above  each  other.  The  division  of  the  nuclei  is  due 
to  the  inflammation.  We  have  observed  similar  cells  in  the 
cornea  of  the  mouse  after  a  very  slight  degree  of  inflamma- 
tion. 

The  same  cells  arranged  in  a  reticidated  form  had  been  observed  in 
the  inflamed  cornea  for  some  years  back,  but  were  considered  by  the 
observers  who  described  them  as  being  cells  newly  formed  under  the 
stimulus  of  inflammation.  We  showed  in  1875  that  the  reticulum 
is  due  to  an  imperfect  demonstration,  that  the  cells  really  exist  as 
layers,  and  that  they  are  pre-existing  elements  of  the  healthy  cornea. 

We  have  also  seen  in  gold  preparations  the  narrow  elon- 
gated cells  in  the  frog's  cornea  after  slight  inflammation,  but 
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are  disposed  to  believe  that  success  was  in  this  instance  very 
exceptional. 

To  demonstrate  the  fibrilla;  and  the  bundles  which  they  form, 
macerate  sections  of  the  fresh  ox  cornea  in  10  per  cent,  salt 
solution.  The  fibrillary  substance  is  arranged  in  thin  layers 
which  cross  each  other  at  an  angle.  To  demonstrate  this  fact 
Schweigger-Seidel  has  recommended  interstitial  injections  of 
1  per  cent,  tannic  acid  or  diluted  alcohol,  sections  being  made 
through  the  part  injected.  The  same  arrangement  can  be  seen 
in  the  spindle-shaped  nuclei  which  are  so  easily  demonstrated 
by  gold  in  the  inflamed  cornea. 

The  bundles  may  sometimes  be  isolated  by  carefully  teasing 
out  portions  of  a  frog's  cornea  fresh  in  indifferent  fluids. 

If  parts  of  an  ox  cornea  are  placed  for  an  hour  in  gold  sohition 
and  macerated  over  a  period  of  many  weeks  in  water  acididated 
with  acetic  acid,  they  may  be  first  separated  into  lamellae,  and  these 
may  after  a  time  be  separated  by  needles  into  bundles  of  about  the 
breadth  of  the  ordmary  tendon  bundle.  These  bundles  are  however 
really  compound,  and  can  be  further  disintegrated  into  finer  or 
primary  bundles  of  a  breadth  sUghtly  less  than  that  of  a  human 
red  blood  corpuscle.  They  may  be  observed  with  more  ease  by  stain- 
ing them  in  picric  acid. 

Descemet's  membrane  is  seen  without  difficulty  in  vertical 
sections  through  the  cornea.  Interesting  points  in  its  structure, 
observed  after  maceration  in  10  per  cent,  salt  solution,  have 
been  described  and  figured  by  Schweigger-Seidel  in  the  "  Leip- 
zig Arbeiten"  for  1870. 
Sclerotic,  usual  methods. 

The  choroid  and  iris  should  be  first  studied  in  albino  rabbits 
and  new-born  infants,  and  by  the  usual  methods.  The  blood- 
vessels should  be  studied  in  injected  preparations. 

Between  the  choroid  and  sclerotic  there  is  a  lymph  space 
(perichoroidal  space  of  Schwalbe),  and  both  on  the  sclerotic  and 
choroid  surfaces  an  endothelium  can  be  demonstrated  by  nitrate 
of  silver.  Albino  rabbits  and  swine's  eyes  are  suitable  for  the 
purpose.  Cut  the  eye  through  its  antero-posterior  axis  with 
large,  sharp,  strong  scissors.    Let  the  vitreous  humour  fall  out, 
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reraove  the  lens  and  cornea  and  place  the  rest  of  the  hemisphere 
in  the  silver  solution.  With  the  handle  of  a  scalpel  open  out 
gently  the  choroid  from  the  sclerotic  so  as  to  let  the  solution 
penetrate  bctv/een  them.  Then  remove  carefully  parts  of  both 
siu-faces  and  expose  them  to  sunlight  in  glycerine.  Examine  as 
soon  as  the  colour  darkens. 

Similar  cellular  membranes  can  be  separated  in  the  substance 
of  the  choroid,  and  Key  and  Eetzius  state  that  it  is  possible  to 
inject  different  layers  between  these  membranes.  Fine  trabe- 
cule; cross  the  perichoroidal  space  from  the  choroid  to  the 
sclerotic,  with  the  tissue  of  which  they  become  blended.  The 
trabeculaj  are  covered  with  a  layer  of  endothelial  cells. 

The  retina. — The  methods  suitable  for  this  structure  may  be 
conveniently  tested  in  the  retina  of  the  frog. 

If  a  portion  of  a  frog's  retina,  carefully  removed  while  per- 
fectly fresh,  is  examined  in  aqueous  humour  or  glycerine,  the 
outer  segments  of  the  rods  can  be  readily  recognised,  and  on 
the  edge  of  the  portion  examiaed  other  parts  of  the  retina  can 
be  more  or  less  distinctly  seen.  For  farther  study  it  is  advis- 
able to  have  recourse  to  reagents. 

Sections  of  the  hardened  retina  cut  by  a  knife  in  the  usual 
manner  are  not  so  suitable  for  examination  as  those  which  are 
obtained  by  carefully  teasing  out  portions  by  needles.  Some 
of  the  fragments  obtained  by  the  latter  method  will  be  found 
to  extend  as  thin  sections  through  the  whole  thickness.  Others 
consist  of  one  or  more  isolated  layers,  and  they  can  be  recog- 
nised and  studied. 

Eetina  preparations  should  be  examined  in  a  large  drop  of 
glycerine  in  order  to  protect  them  from  the  pressure  of  the 
cover-glass.  This  is  useful  for  another  reason.  By  touching 
the  edge  of  the  glass  gently  with  a  needle  the  element  under 
examination  can  be  made  to  roll  over,  and  be  thus  seen  in 
various  positions.  Preparations  that  are  to  be  mounted  per- 
manently must  be  protected  by  the  insertion  of  small  pieces  of 
thin  glass  or  the  usual  paper  diaphragm  between  the  cover  and 
object-glasses. 
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To  harden  the  retina  in  MiiUer's  fluid  or  weak  chromic  acid 
place  the  eye  in  a  large  quantity  of  the  solution,  which  should 
be  chansred  several  times  during  the  following  two  or  three 

O 

The  retina,  hardened  in  chromic  acid,  may  be  placed  on  an 
object-glass  and  successive  sections  uKide  by  cutting  it  with  a 
sharp  scalpel. 

It  is  difficult  to  give  precise  instructions  for  the  strength  ot 
the  acid.  It  should  be  used  weak  at  first  and  may  be  after- 
wards used  stronger,  especially  when  the  eyeball  is  a  large  one. 
The  quantity  used  should  be  large  in  proportion  to  the  size  of 
the  eye.  When  the  right  degree  of  hardening  has  been 
attained  chromic  acid  preparations  are  highly  instructive,  but 
many  of  them  are  comparative  failures. 

The  hardened  retina  may  also  be  soaked  in  gum-water  for 
24  hours,  placed  24  hours  in  alcohol,  embedded,  cut,  the  sec- 
tions placed  in  water  for  24  hours  to  free  them  from  gum, 
stained  and  examined  in  glycerine.  The  relative  arrangement 
of  the  different  layers  and  the  stronger  parts  of  the  radial 
fibres  can  be  seen  in  such  sections. 

Alcohol  in  various  degrees  of  dilution  is  also  a  valuable  re- 
agent. 

The  study  of  the  retina  cannot  be  begun  better  than  by  the 
use  of  osmic  acid.    It  is  to  be  employed  in  two  different  ways.^ 

Excise  the  cornea  of  a  fresh  eyeball  of  a  frog  and  remove  the 
lens  gently.  Let  the  vitreous  humour  fall  off  the  retina  by 
tilting  the  bulb,  Avhich  is  then  placed  in  a  very  small  porcelain 
vessel  containing  i-  per  cent,  solution  of  osmic  acid.  A  cap- 
sule of  a  calibre  very  slightly  in  excess  of  the  bulb  spares  the 
acid,  4  or  5  drops  being  then  sufficient.  Cover  the  capsule 
until  the  retina  assumes  a  black  colour.  It  can  then  be  re- 
moved and  broken  up  in  glycerine  and  examined. 

By  this  mode  of  preparation  the  structures  from  the  pigment 

^  The  description  of  the  retina  given  in  the  text  is  based  on  ex- 
perience acquu-ed  in  the  investigations  which  formed  the  foundation 
of  a  joint  memoir  by  Mr.  Ewart,  M.B.,  and  ourselves,  pubhshed  in 
the  "  Journal  of  Anatomy  and  Physiology"  for  1876. 
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epitlieliuin  to  the  intergranuUir  layer  can  be  advantageously 
examined,  and  it  is  advisable  to  stain  some  of  the  preparations 
by  drawing  logwood  through  them  with  fdter-paper.  Note 
that  between  the  outer  and  inner  segments  of  tlie  rod  a  granu- 
lar substance  intervenes,  and  that  in  the  outer  end  of  the  inner 
segment  there  is  a  more  resistant  portion  which  stains  like  the 
outer  segment.  This  is  the  lens-sha])ed  body  of  Max  Schultze. 
The  intervening  granular  substance  is  cellular,  as  is  shown  by 
another  method.  The  lens-shaped  body,  as  was  recognised 
long  ago  by  H.  Miiller,  is  simply  a  more  resistant  portion  of 
the  inner  segment.  A  thin  line  at  the  inner  end  of  the  inner 
segment  is  part  of  the  external  limiting  membrane,  or  a  fraction 
of  one  of  the  fine  fibres  which  run  in  it.  Two  nuclei  are  to  be 
distinguished  here.  One  is  found  lying  across  the  end  of  the 
inner  segment  when  the  latter  is  detached,  and  is  an  element 
specially  connected  with  the  limiting  membrane.  It  is  removed 
along  with  the  rod  which  is  planted  on  it.  The  other  belongs 
to  the  external  granular  layer.  Their  relative  position  can  be 
easily  recognised  when  they  happen  to  be  both  preserved, 
which  however  does  not  occur  frequently. 

Between  the  inner  segments  of  the  rods  the  thin  cones  are 
seen. 

In  the  external  granular  layer  immediately  inwards  from 
each  rod  there  is  a  conical  structure,  the  apex  inwards,  which 
is  often  detached  in  a  piece  with  the  rod  and  intervening  por- 
tion of  the  external  limiting  membrane.  Hannover  describes 
it  as  the  calotte  or  night-cap,  a  name  suggested  by  its  form. 
Mr.  Ewart  and  ourselves  have  described  it  as  the  outer  rod- 
pedicle.  Its  apex  is  continuous  with  that  of  another  conical 
structure,  whose  base  is  on  the  intergranular  layer,  and  which 
we  have  designated  the  inner  rocl-])edicle.  This  inner  pedicle  is 
much  less  resistant  than  the  outer  and  is  preserved  only  in  ex- 
ceptionally good  preparations.  Whenit  is  preserved  tlieouterand 
inner  pedicles  are  seen  to  form  continuous  parts  of  one  structure. 
But  the  outer  pedicle  contains  a  kernel  of  resistant  substance 
(analogous  to  the  lens-shaped  body  of  the  inner  segment  of  the 
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rod),  and  is  therefore  frequently  found  when  no  trace  of  the 
inner  pedicle  has  been  left.  In  the  elliptical  spaces  left  by  the 
diminution  in  size  of  the  rod-pedicles  in  the  middle  of  the 
intergranular  layer  there  is  a  corresponding  element,  thickest 
in  the  middle  and  taperuig  towards  the  outer  and  inner  ends. 
Outwards  it  is  in  a  line  with  the  cones,  and  we  have  designated 
it  the  cone-pedicle. 

In  these  preparations  more  or  less  of  the  radial  fibres  and 
the  structures  between  the  internal  limiting  membrane  and 
the  internal  granular  layer  are  also  seen.  The  internal  granular 
layer  especially  can  be  sometimes  well  studied  in  such  prepara- 
tions. Kound  nuclei  with  a  trace  of  surrounding  cell-substance 
■are  found  inclosed  by  meshes  of  minute  fibres  which  can  be 
traced  to  a  radial  fibre  as  their  stem.  The  inner  part  of  the 
retina,  however,  requires  a  special  modification  of  the  osmic  acid 
treatment ;  as  follows  : 

The  optic  nerve  is  cut  away  with  sharp  curved  scissors  from 
the  freshly-excised  eye  close  to  the  sclerotic,  and  the  bulb  is 
placed  entire  for  24  hours  in  the  osmic  acid  solution.  The 
object  of  this  manoeuvre  is  that  the  solution  shall  find  its  way 
to  the  retina  by  slowly  penetrating  inwards  along  the  optic 
nerve.  In  doing  so  it  fixes  delicate  elements  that  have  not 
been  seen  by  any  other  method. 

The  eyeball  is  then  opened  in  a  drop  of  concentrated  solu- 
tion of  acetate  of  potash,  the  lens  carefully  removed,  and  the 
bulb  cut  into  several  pieces.  Fragments  of  the  retina  are  re- 
moved and  gently  teased  out  into  two  or  more  layers,  which 
are  examined  in  a  fresh  drop  of  the  acetate  of  potash  solution. 

Conspicuous  in  such  preparations  is  a  layer  of  fine  fibrillary 
tissue  on  the  inner  surface  of  the  retina.  It  corresponds  to 
the  optic  nerve  layer,  although  by  this  mode  of  preparation  the 
nerve  elements  proper  were  not  seen  by  us.  In  some  of  these 
preparations  narrow  elongated  cells  are  seen  lying  on  fine  bundles 
of  this  fibrillary  tissue  of  the  optic  nerve  expansion.  Nucleus 
and  cell  contour  are  distinct  and  even,  and  there  is  no  trace  of 
a  cell  process.    The  molecular  layer  is  seen  as  a  finely-granular 


12G 


PRACTICAL  HISTOLOGY. 


consistent  mass.  A'layer  of  rounded  cells  with  large  nuclei 
completely  investing  its  outer  surface  are  often  seen  in  such 
preparations,  and  in  the  angular  points  between  the  cells 
broken  ends  of  radial  fibres  can  bo  observed.  The  fibres  are 
slightly  swollen  at  the  point  where  thej'^  break  and  send  off 
horizontally  very  fine  fibres,  which  encircle  the  cells  and 
anastomose  with  each  other. 

A  similar  layer  of  cells  which  invest  the  inner  surface  of  the 
molecular  layer  may  be  sometimes  seen  in  part  by  this  method, 
but  can  be  seen  better  by  other  methods. 

A  number  of  eyes  treated  by  both  osmic  acid  methods  should 
be  placed  in  glycerine,  the  retina  being  allowed  to  remain  un- 
disturbed in  situ  for  a  period  of  from  1  to  2  months.  Portions 
should  then  be  removed  and  examined  in  glycerine,  logwood 
staining  being  also  used.  The  effect  of  the  maceration  in 
glycerine  is  to  remove  the  less  resistant  parts  of  the  retinal 
substances,  and  to  render  it  possible  to  study  the  disposition  of 
the  radial  fibres.    The  nuclei  in  these  fibres  stain  in  logwood. 

The  most  resistant  part  or  stem  fibre  extends  from  the  inner 
surface  of  the  molecular  layer  to  the  intergranular  layer,  and 
in  the  internal  granular  layer  contains  an  elliptical  nucleus  in 
its  substance.  Inwards  from  the  molecular  layer  it  divides 
into  branches,  which  become  very  fine.  These  finally  ramify 
in  the  internal  limiting  membrane  and  anastomose  there 
freely  with  those  from  the  other  fibres.  Fine  branches  are 
given  off  abundantly  in  the  internal  granular  layer  and  in  the 
intergranular  layer.  At  this  point  the  main  fibre  divides  into 
finer  branches,  which  pass  outwards  through  the  external 
granular  layer,  many  of  them  again  dividing  and  reuniting  in 
its  substance,  so  as  to  form  frameworks  which  surround  and 
.support  the  rod  and  cone  pedicles.  Fine  branches  are  given 
off  in  the  external  limiting  membrane,  and  here  the  radial 
fibres  were  previously  supposed  to  terminate.  In  macerated 
preparations  we  have  however  traced  the  fibres  still  further 
outwards.  After  passing  through  the  external  limiting  mem- 
brane they  pass  along  the  surface  of  the  cones  and  inner  seg- 
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ments  of  the  rods  and  penetrate  to  the  outer  segments  of  the 
rods. 

We  have  in  well-macerated  preparations  found  a  reticulum 
of  fine  fibres  in  the  fibrillary  substance  of  the  optic  nerve  layer 
and  in  the  molecular  layer.  We  have  also  in  teased-out  pre- 
parations isolated  fine  fibres  extending  along  the  outer  seg- 
ments of  the  rods  to  the  pigment  epithelium,  with  pigment 
molecules  adherent  to  them.  These  fibres  were  in  all  instances 
identical  in  appearance  with  the  finer  branches  of  the  radial 
fibres  seen  in  the  layer  of  rods  and  cones,  and  probably  belong 
to  that  system,  although  we  were  not  able  to  trace  the  con- 
nection. 

In  the  same  macerated  preparations  large,  flat,  oval  nuclei  of 
the  iniergranular  layer  are  to  be  looked  for,  and  also  nuclei  of 
the  cells  of  the  external  limiting  membrane.  Both  in  these  and 
in  ordinary  osmic  acid  preparations  isolated,  elongated,  narrow 
cells  are  to  be  looked  for  in  the  external  granular  layer  and 
between  the  external  limiting  membrane  and  the  line  of  junc- 
tion of  the  outer  and  inner  segments  of  the  rods.  Success  is 
in  this  point  exceptional. 

In  retinas  treated  by  osmic  acid,  macerated  in  glycerine, 
stained  in  logwood,  and  teased  out,  some  of  the  sections  show 
the  structure  of  the  molecular  layer  from  within  outwards  in 
layers  or  strata,  which  stain  dark  blue-violet  and  are  separated 
by  colourless  spaces  of  equal  and  uniform  breadth. 

In  the  hen's  retina,  mounted  fresh  in  glycerine,  we  have 
after  24  hours  observed  this  layer  to  be  composed  of  fine 
uniform  cylindrical  bands  or  bundles  parallel  to  the  surface  of 
the  retina.  As  the  existence  of  strata  has  been  observed  in 
the  hen's  retina,  it  follows  that  the  substance  of  the  molecular 
layer  consists  of  parallel  strata  of  fine  cylindrical  elements, 
and  is  thus  in  intimate  relationship  with  typical  forms  of  con- 
nective tissue. 

Amongst  the  rods  in  osmic  acid  preparations,  are  to  be 
observed  exceptional  rods  described  by  Schwalbe,  in  which  a 
long,  thin,  narrow  inner  segment  ends  in  a  short  outer  seg- 
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ment.  "When  the  outer  segments  fall  off  in  a  mass  from  the 
inner  segments,  they  ai'e  left  attached  to  the  retina.  The  line 
of  division  l)etween  the  outer  and  inner  segments  does  not 
cross  them.  They  must  therefore  pierce  the  membrane  which 
we  have  described  as  separating  the  outer  and  inner  segments 
of  the  rods,  in  the  points  left  between  small  round  cells 
found  by  us  in  this  position,  probably  accompanying  the  radial 
fibres. 

The  effects  of  diluted  alcohol  in  fitting  the  retina  for  ex- 
amination may  be  considered  along  with  purpurine.  Pur- 
purine  solution  contains  a  fourth  part  of  its  volume  of  alcohol, 
and  alum  to  nearly  half  per  cent.,  and  it  is  highly  probable  that 
many  of  the  results  published  in  the  memoir  previously  re- 
ferred to  as  having  been  obtained  by  purpurine,  could  also  be 
obtained  by  diluted  alcohol  with  J  per  cent.  alum. 

Place  the  eyeball  entire  in  purpurine  solution  for  24  hours. 
Then  excise  the  cornea  and  remove  the  lens.  Place  the  bulb, 
with  the  retina  still  in  its  place,  in  the  solution  for  24  hours 
lonser.  The  retina  is  then  stained  a  rose  colour.  Several 
«yes  treated  in  this  way  should  be  placed  in  glycerine  for 
1  to  2  months,  with  the  retina  intact.  Parts  of  the  retina 
should  also  be  examined  at  once,  carefully  teased  out,  and 
further  stained  in  logwood. 

Retina  preparations  treated  by  purpurine  (and  diluted  alcohol, 
"but  our  experience  chiefly  refers  to  purpurine)  are  very  valu- 
able for  several  important  points.  The  radial  fibres  of  the 
retina  are  described  and  figured  by  authors  in  two  forms.  In 
one  there  is  a  wide  funnel-shaped  structure,  with  a  trumpet 
end  towards  the  inner  surface  of  the  retina  :  in  the  other  there 
is  a  straight,  clean-contoured,  delicate  fibre.  Nuclei  are 
described  on  the  former,  and  in  the  latter.  Purpurine  pre- 
parations show  that  not  only  both  forms  exist,  but  that  the 
one  is  contained  within  the  other.  The  funnel-shaped  struc- 
ture is  membranous,  and  the  true  radial  fibres  are  contained 
within  it.  When  the  retina  is  examined  in  iodised  serum,  the 
former  is  seen  :  when  after  the  action  of  the  ordinary  harden- 
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ing  agents,  the  latter.  In  purpurine  preparations,  the  true 
fibres  can  be  distinguished  in  the  folds  of  the  other. 

In  macerated  purpurine  preparations,  nuclei  can  be  seen  in 
the  molecular  layer,  and  nuclei  can  be  seen  adherent  to  radial 
fibres  and  membranous  debris  external  to  the  external  limiting 
membrane. 

The  outer  rod-pedicle  and  the  cone-pedicle  are  found  isolated 
in  such  preparations,  the  former  in  its  "  night-cap"  relation  to 
the  rod.  They  should  be  further  stained  in  logwood.  They 
are  found  in  two  conditions.  In  one  they  are  invested  by  a 
substance  which  stains  freely,  and  in  Avhich  a  nucleus  may 
sometimes  be  detected  :  in  the  other  they  are  freed  from  this 
substance  and  have  no  nucleus,  and  are  little  susceptible  of 
staining. 

Eetina  preparations  may  be  divided  into  two  classes,  ac- 
cording to  the  reagents  employed.  If  these  are  of  such  a 
nature  that  tlie  radial  fibres  are  left  intact,  whilst  the  cells  and 
ground  substance  of  the  different  layers  are  loosened  from  their 
connections  or  partially  disintegrated,  we  have  preparations 
consisting  of  a  stem  radial  fibre  and  the  stronger  of  the  de- 
pendent fibrils  which  spring  from  it.  The  latter  bring  away 
with  them  in  their  meshes  rods  and  cones  and  their  pedicles, 
fragments  of  the  membrane  of  the  intergranular  layer  and 
cells  of  the  internal  granular  layer.  If  one  fibre  brings  away 
with  it  in  a  teased-out  preparation  all  these  parts  in  continuity 
from  without  inwards,  we  have  the  appearance  which  has  been 
construed  as  forming  the  unbroken  connection  between  supposed 
nerve  elements  in  the  internal  granular  layer  and  the  "  nerve 
epithelium."  This  idea  is  incompatible  with  a  right  under- 
standing of  the  nature  of  the  difi"erent  layers. 

In  retinas  which  have  been  for  several  days  to  several 
weeks  in  a  mixture  of  1  part  methylated  alcohol  and  3  parts 
distilled  water,  and  containing  per  cent,  alum  in  solution, 
teased  out  in  glycerine  and  stained  in  logwood,  a  radial  fibre 
characterised  by  the  lozenge-shaped  nucleus  in  its  substance 
may  be  seen  to  split  and  encircle  a  round  cell  with  a  large 
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nucleus,  and  join  .again  at  the  opposite  pole  to  form  a  single 
fibre.  With  the  exception  of  the  characteristic  lozenge-shaped 
nucleus  wliich  had  been  overlooked,  this  appearance  corre- 
sponds with  some  of  thebi-polar  ganglion  cells  which  have  been 
figured  as  being  found  in  the  internal  granular  layer.  Most 
of  these  are  simply  one  of  the  ilat  round  cells  of  this  layer 
isolated  in  a  mesh  of  a  radial  fibre. 

In  the  same  preparations  and  in  osmic  acid  preparations, 
macerated  and  stained  by  logwood,  small  spindle  cells,  con- 
sisting of  an  elliptical  nucleus  with  scarcely  any  cell  substance 
and  fine  single  terminal  processes,  may  be  isolated.  Those  of 
the  so-called  bi-polar  ganglion  cells  which  are  not  formed  by 
the  radial  fibre  and  a  cell,  are  to  be  referred  to  these. 

Nerve  elements  have  not  yet  been  traced  to  the  internal 
granular  layer,  and  the  assumed  continuity  between  the 
aanalion  cells  and  the  rods  and  cones  has  no  anatomical 
basis. 

The  second  class  of  retina  prepai'ations  is  well  illustrated  by 
the  action  of  formic  acid  and  saturated  solution  of  caustic 
potash.  The  retina  is  to  be  treated  with  gold  and  formic 
acid,  by  a  method  modified  from  that  recommended  by  Lbwifc 
to  demonstrate  nerve-fibrillse.  The  cornea  and  lens  being 
removed,  the  bulb  is  placed  in  ^  per  cent,  gold  solution  for 
5  minutes,  then  for  a  few  nunutes  in  formic  acid  of  specific 
gravity  1020.  The  retina  is  then  easily  detached  entire.  This 
done,  it  is  placed  in  1|  per  cent,  gold  solution  for  10  to  20 
minutes,  and  then  in  a  dark  place  for  24  hours  in  8  to  10  cub. 
centim.  of  equal  parts  of  the  formic  acid  and  water. 

The  process  is  repeated  with  the  bulb  entire,  the  optic  nerve 
being  cut  close  to  the  sclerotic,  and  the  duration  of  the  action 
of  both  the  gold  solutions  being  prolonged  a  considerable 
time  in  order  to  allow  the  retina  to  be  permeated. 

The  retinas  thus  treated  by  gold  and  formic  acid  are  readily 
split  into  layers  by  needles.  On  the  inner  surface  of  the 
molecular  layer  a  distinct  layer  of  investing  cells  are  seen, 
and  on  and  amongst  them  the  ganglion  cells. 
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From  the  intergranular  layer  a  membrane  may  be  isolated 
with  nuclei  on  it,  and  in  the  external  granular  layer  rows  of 
isolated  cells  may  be  seen,  the  intercellular  substances  having 
been  removed  by  the  solvent  action  of  the  formic  acid. 

In  such  preparations  we  have  observed  the  molecular  layer 
as  a  fibrillary  substance  arranged  in  fine  bundles,  on  which 
minute  cellular  elements  were  seen;  but  this  effect  is  very 
rai'ely  produced. 

In  a  retina  which  was  allowed  to  remain  in  the  diluted 
formic  acid  for  eight  days,  the  intergranular  layer  and  ex- 
ternal limiting  membrane  were  seen  as  true  homogeneous 
membranous  substances,  having  been  swollen  by  the  long 
maceration  in  the  acid. 

To  obtain  the  efi'ects  of  saturated  potash  solution  the  eyeball 
is  placed  in  it  at  the  usual  temperature  (106°  to  108°  Fahr.). 
(See  further  under  cornea,  p.  117.)  After  a  few  minutes  the  eye- 
ball is  opened  in  a  drop  of  the  solution  by  needles.  The  retina  is 
readily  recognised,  and  is  examined  in  a  fresh  drop.  If  successful 
the  pigment  epithelium  and  the  rods  usually  come  away  in  con- 
nected masses  as  clear  and  clean  as  objects  chiselled  from  marble. 
Between  the  outer  and  inner  segments  of  the  rods  a  third 
block  of  substance  is  seen  intercalated,  which  we  have  attri- 
buted to  the  lens-shaped  body.  When  the  outer  segments 
separate  in  a  mass  from  the  inner  segments  a  round  nucleated 
cell  is  seen  on  the  inner  ends  of  each  of  the  former.  Two 
kinds  of  cells  are  seen  in  the  external  granular  layer,  a  rounded 
cell  with  a  large  nucleus  and  a  small  amount  of  cell  substance, 
and  a  small  narrow  elongated  cell  having  its  nucleus  at  a 
broader  end  and  tapering  to  a  point  at  the  other.  The  potash 
solution  sometimes  preserves  intercellular  substance  extending 
outwards  from  the  intergranular  layer,  and  apparently  belong- 
ing to  the  inner  rod  pedicle.  An  exactly  similar  appearance 
was  not  seen  by  other  methods  :  none  of  them  pi'feserving  so 
much  of  the  delicate  intercellular  substances. 

When  the  rod  is  isolated  in  such  preparations  the  nucleus 
of  the  cell  of  the  external  limiting  membrane  generally  adheres 
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to  its  inner  end.  N.htow  elongated  investing  cells  can  some- 
times be  seen  .adherent  to  the  inner  segment  of  the  rod,  ex- 
tending from  its  inner  to  its  onter  end,  and  investing  it  on 
both  its  flattened  surfaces. 

The  internal  granular  layer  is  seen  to  Tte  formed  of  sejiarate 
layers  of  rounded  cells,  -which  are  characterised  by  a  round 
nucleus  and  a  scant  ring  of  cell  substance.  The  molecular 
layer  is  seen  to  be  invested  on  the  inner  and  outer  surfaces 
by  distinct  and  complete  layers  of  cells.  The  ganglion  cells 
are  also  observed  on  its  inner  surface. 

The  accurate  limitation  of  the  pigment  at  a  line  equivalent 
to  the  outer  ends  of  the  inner  segments  is  M'ell  seen  in  pota.sli 
preparations. 

These  are  not  all  the  points  which  can  be  demonstrated  by 
potash,  but  they  will  sufhce  to  act  as  landmarks  which  will 
enable  observers  to  localise  other  appearances  which  they 
may  see. 

The  internal  limiting  membrane  is  usually  difficult  of  de- 
tection by  any  method,  but  should  always  be  looked  for.  It  is 
covered  by  a  layer  of  cells  both  on  its  inner  and  outer  aspect. 

These  can  be  seen  in  the  retina  of  the  sheep  by  the  following 
method :  Cut  the  fresh  ej'eball  through  its  axis.  Let  the  vitreous 
humour  fall  off  one  of  the  halves.  Mark  off  a  small  piece  of  the 
retina  with  the  point  of  a  sharp  knife,  and  remove  it  with  care 
to  an  object-glass,  on  which  a  large  drop  of  carbolised  serum 
has  been  laid,  the  internal  surface  being  uppermost.  Protect 
with  portions  of  broken  cover-glass  or  other  convenient  sub- 
stance, cover  with  a  very  thin  glass,  and  seal  with  Brunswick 
black.  Examine  the  following  day  with  a  good  lens,  and  if 
the  preparation  has  been  successful  a  double  layer  of  hexa- 
gonal cells,  separated  by  a  transparent  formless  substance,  can 
be  seen. 

Osmic  acid  and  gold  preparations  of  the  frog's  retina,  in 
which  the  solutions  have  penetrated  by  the  optic  nerve,  some- 
times show  these  cells.  They  are  hexagonal,  and  the  nuclei 
are  in  this  case  distinct.    They  were  first  described  by  Han- 
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iiover  more  tliaa  thirty  yeai'd  ago.  This  anatomist  observed 
tiieiii  in  mammalian  retinas,  examined  fresh  and  warm,  without 
a  cover-glass.  Their  existence  was  placed  in  doubt  by  subse- 
quent observers,  and  Hannover's  description,  indeed,  almost 
completely  lost  sight  of. 

In  the  frog's  retina  they  can  also  be  demonstrated  by  silver. 
The  lens  beiug  carefully  removed  from  the  fresh  eye,  the  eye- 
ball is  placed  for  a  few  seconds  in  to  i  per  cent,  silver 
solution.  The  retina  is  then  carefully  removed,  and  placed 
immediately  on  an  object-glass  in  glycerine,  and  exposed  to 
sunlight.  After  a  few  minutes  the  colour  begins  to  change, 
and  it  should  be  at  once  examined.  The  outlines  of  the  cells 
can  often  be  observed  as  they  appear.  Such  preparations 
are  difficult  to  keep.  None  of  ours  lasted  longer  than  a  few  hours. 

The  same  cells  can  sometimes  be  observed  when  the  silver 
solution  has  been  injected  from  the  aorta.  In  this  case  the 
nuclei  of  the  cells  may  be  visible,  and  their  relation  to  blood- 
vessels and  the  optic  nerve  layer  is  very  distinct. 

In  the  mammalian  retina,  treated  by  silver,  the  cells  of  the 
internal  limiting  membrane  usually  disappear,  and  the  inner 
surface  is  bounded  by  a  colourless  substance,  intersected  by  a 
delicate  reticulum  of  fine  lines.  These  owe  their  existence  to 
a  deposit  of  albuminate  of  silver  in  minute  channels  on  the 
surface  of  the  membrane,  in  which  the  anastomosing  terminal 
branches  of  the  radial  fibres  appear  to  ramify. 

The  ganglion  cells  can  be  seen  by  most  modes  of  prepara- 
tion, and  in  all  carefully  hardened  retinas.  Like  the  nerve 
fibres,  they  are  best  studied  fresh  in  vitreous  buinour.  The 
sheep's  retina  is  suitable  for  this  purpose. 

When  the  external  surface  of  the  sheep's  retina  is  placed 
upwards  we  have  found  it  possible  to  observe  the  cells  of  the 
external  limiting  membrane,  the  rods  being  guides  for  its 
localisation,  but  for  studies  of  this  kind  much  patient  obser- 
vation and  very  careful  manipulation  are  necessary. 

The  fiesh  retina  of  the  frog  and  osmic  acid  preparations  of 
the  ox  retina  are  useful  for  the  study  of  the  pigment  epithe- 
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linm.  The  minute  particles  of  iDigraent  adhere  to  the  inner 
surface  of  the  cells,  but  we  do  not  believe  that  they  pene- 
trate the  cell,  which  is  entirely  constituted  by  the  so-called 
unpigmented  outer  part  of  it.  We  have  found,  extending 
from  the  unpigmented  part  of  the  cells  (the  cells  proper  accord- 
ing to  our  view)  inwards  amongst  the  rods,  delicate  mem- 
branous shreds,  and  fine  true  fibres  studded  with  pigment 
granules. 

Hannover^  has  described  and  figured  membranous  substances 
which  pass  from  the  six-sided  cells  and  surround  the  rods. 
Subdivisions  of  them  appear  to  surround  each  rod,  and  the 
pigment  granules  are  contained  within  them.  Hannover's 
figures  are  more  jjerfect  than  anything  observed  by  ourselves, 
but  they  seem  to  us  only  to  strengthen  the  view  that  these 
membranes  do  not  belong  histologically  to  the  pigment  cells, 
but  simply  adhere  to  them,  and  that  they  in  reality  constitute 
the  sheaths  to  the  outer  segments  of  the  rods  in  regard  to 
which  there  has  been  so  much  difference  of  ojpinion.^ 

^  "  La  Rotiue  de  rHomme  et  des  Vertebres."  Par  Adolphe  Han- 
nover. Paris,  1876.  The  "schemes"  iuteuded  to  illustrate  the 
structure  of  the  retina  in  Schultze'a  memoir  iu  Strieker's  "  Haud- 
book  "  do  not  j^rofess  to  rejjroduce  appearances  actually  seen.  The 
rapidity  with  which  they  have  been  adopted  iu  English  text-books 
has  unfortunately  caused  this  to  be  lost  sight  of. 

Those  who  are  interested  iu  this  difficult  and  interesting  subject 
should  consult  Schwalbe's  article  on  the  retina  in  Saemisch  and  Von 
Graefe's  Handbook,  aud  the  above  very  important  memoir  by 
Hannover. 

-  The  outer  aud  inner  segments  of  the  rods  aud  cones  and  their 
f)edicles  form  the  ground-substance  of  that  part  of  the  retina  which 
extends  from  the  intergranular  layer  to  the  p)igmeut  epithelium. 
The  elements  of  this  substance  are  divided  into  three  strata  by  the 
external  limiting  membrane  aud  a  layer  of  cells  between  the  outer 
aud  inner  segments.  They  are  covered  by  investing  cells  aud  mem- 
branes —the  cells  having  been  observed  on  the  jjedicles  aud  inner 
segments  aud  the  membranes  around  the  outer  segments — and  fine 
fibres,  similar  to  those  found  amongst  the  bundles  of  connective 
tissue,  pass  along  their  surface.  They  have  no  special  analogies 
with  nerve-structures,  and  they  are  not  cells.  We  can  only  see  in 
them  a  peculiar  modification  of  the  ordinary  interceUular  or  gi-ound- 
substance,  which  is  connected  in  some  unkiaown  way  with  the  func- 
tion of  vision. 
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Twin  cones  are  best  seen  in  the  retina  of  fishes.  Tlie  co- 
lonrod  lenticular  body  between  the  outer  and  inner  segments 
of  the  cones  in  birds  can  be  conveniently  observed  in  the  hen  s 

retina.  .       ,  ■, 

The  vitreous  hiimour.-Sorae  of  the  cells  are  seen  m  gold 
and  formic  acid  preparations,  many  of  them  closely  resembling 
lymph  cells.  It  is  possible  to  demonstrate  by  silver  a  layer  oi 
flat  cells  on  its  surface  (Evvart),  but  on  account  of  the  feeble 
consistence  of  the  vitreous  humour  and  the  delicate  nature  ot 
the  cells,  the  operation  is  one  of  the  most  tedious  and  difficult 
that  can  at  present  be  attempted.  It  is  not  to  be  recom- 
mended to  any  one  who  is  not  familiar  with  the  application  of 
silver  solutions,  and  who  is  not  prepared  to  devote  much 
labour  to  the  investigation. 

The  lens.— Perhaps  the  most  simple  method  of  isolating  the 
lens  fibres  is  one  which  we  have  only  lately  practised.  If  the 
lens  of  a  frog  is  placed  fresh  in  sufficient  formic  acid 
(sp.  gr.  1020)  to  cover  it,  portions  may  be  removed  from  its 
surfa'ce  by  needles  within  a  very  short  period  (about  half  an 
hour).  The  portions  so  removed  are  teased  out  in  a  drop  of 
glycerine,  or  better  in  a  drop  of  solution  of  picric  acid,  by 
which  they  are  rapidly  stained,  and  examined  in  glycerine. 
The  fibres  are  found  isolated,  and  the  characteristic  serrated 
edges  are  well  seen. 

If  the  leus  is  allowed  to  remain  in  the  formic  acid  for  24 
hours,  it  can  at  the  end  of  that  time  be  entirely  broken^  up, 
and  the  fibres  stained  in  formic  acid  are  found  isolated  in  a 
very  perfect  condition. 

If  instead  of  the  undiluted  acid,  a  mixture  is  used  of  formic 
acid  (sp.  gr.  1020)  and  water  in  equal  parts,  the  fibres 
can  be  isolated  with  the  same  facility  and  within  the  same 
time.  In  this  latter  case  the  lens  swells  considerably.  Having 
only  lately  ascertained  this  property  of  formic  acid,  our  ex- 
periments are  not  yet  sufficiently  extensive  to  enable  us  to 
give  exact  information  regarding  the  effects  which  may  be 
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found  to  follow  different  degrees  of  dilution  or  varying  periods 
of  maceration. 

We  have  found  tliat  the  lens  fibres  of  the  rat  and  tlie  sheep 
are  also  easily  isolable  by  the  same  method. 

The  fibres  can  also  be  isolated  with  rapidity  by  treatment 
■with  the  saturated  potash  solution.  After  a  few  minutes  a 
white  crust  forms  on  the  surface,  which  can  be  easily  removed 
and  broken  up  by  needles.  If  the  lens  is  replaced  in  the  solu- 
tion another  separable  crust  forms,  from  which  the  fibres  can 
again  be  isolated. 

If  the  lens  is  placed  in  a  .sky-blue  solution  of  sulphate  of 
copper  (Exner)  for  8  to  10  days,  sections  can -be  made  in  which 
the  mosaic  of  the  cut  fibres  is  visible.  The  fibres  can  also  be 
isolated  in  diluted  hydrochloric  acid  (O'l  to  1  per  cent.). 

The  capsule  can  be  seen  in  fresh,  but  better  in  stained  pre- 
parations (purpurino,  aniline).  The  cells  on  the  posterior 
surface  of  the  anterior  segment  of  the  capsule  can  be  seen  in 
such  preparations  and  also  in  gold  preparations. 

Mr.  Ewart  has  demonstrated  a  layer  of  cells  on  the  posterior 
surface  of  the  capsule  of  the  sheep's  lens.  To  show  them,  cut 
the  eyeball  transversely  into  halves,  let  the  vitreous  humour 
fall  out  of  the  anterior  half,  and  pour  in  gently  |  per  cent, 
silver  solution.  After  some  minutes  the  surface  is  covered 
with  glycerine  and  exposed  to  bright  sunlight.  As  soon  as  it 
changes  colour  it  is  carefully  removed  aud  examined. 

Mr.  Ewart  aud  ourselves  have  fouud  that  the  surfaces  of  the 
lens  fibres  are  covei-ed  by  narrow  elongated  cells,  the  nucleus 
being  at  one  extremity  of  the  cell.  These  cells  are  so  intimately 
blended  with  the  surfaces  on  which  they  are  applied,  that  their 
demonstration  aud  isolation  are  difficult,  aud  only  possible  by 
chemical  agents.  They  are  most  easily  seen  in  the  lens  of  the 
toad.  The  lens  is  removed  fresh,  and  placed  immediately  in  ^  per 
cent,  gold  solution,  in  which  it  is  broken  into  fragments  by  needles. 
The  fragments  are  allowed  to  remain  in  the  solution  for  30  minutes, 
and  are  then  exposed  to  sunhght  in  2  per  cent,  acetic  acid  for  several 
days,  or  until  they  acquire  a  dark  colour.  They  are  examined  in 
glycerine.    When  this  method  is  successful  the  cell  outline  is  well 
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marked,  and  the  cell  itself  has  a  uiuform  dark  m:  1  opuy  colom. 
The  nucleus  is  not  distinguishable.    The  cells  are  isolable 

K  he  eyeball  of  the  toad  is  injected  ^yith  ^  per  cent,  gold  so lut.on 
from  the  aorta,  and  kept  teuse  for  some  minutes,  the  flmd  penetrates 
the  lens  and  o  casionally  iixes  the  cells  sUu.  Fragments  of  he 
ei  are  hen  stained  for  a  few  seconds  or  minutes  in  concentrated 
sok^ttn  oft-^wood,  and  examined  in  glycerine.  In  these  prepara- 
tioi  when  tlW  -e  successf  ul,  the  nuclei  of  the  cells  are  seen,  and 
the  fibles  being  preserved  in  their  natm-al  condition,  the  relation  of 
the  cells  to  the  fibres  can  be  observed. 


Fi-  13  Lens  iibres  from  the  toad.  Cells  on  the  flat  surfaces  and 
on  the  borders  demonstrated  by  injection  of  gold  solution  from 
the  aorta,  and  staining  with  logwood. 

Similar-  preparations  can  be  obtained  by  injecting  from  the  aorta 
or  carotid  of  the  rat  or  rabbit. 

The  ceUs  most  frequently  observed  lie  on  the  broader  surfaces  ot 
the  fibres,  and  extend  nearly  from  one  border  to  the  other.  There 
are  other  cells  which  are  stiU  more  rarely  visible.  These  are  of  two 
kinds  In  o-old  injected  preparations,  very  small,  narrow,  elongated 
cells  are  seen  applied  on  the  edges  of  the  fibres,  their  breadth  cor- 
responding to  the  thickness  of  the  fibre.  The  lens  fibre  is  invested 
on  both  its  wider  surfaces  and  also  lateraUy  by  narrow  elongated 
cgIIs. 

By  breaking  up  the  lens  of  young  rabbits  in  gold  solution,  and  ex- 
posing to  light  in  water  strongly  acidulated  by  acetic  acid,  we  f(jund 
in  some  preparations  layers  of  rounded  ceUs  with  large  central  nuclei. 
These  were  easDy  isolable. 

Lens  fibres  sealed  in  i  per  cent,  gold  solution  were  found  after  a 
time  to  be  cut  across  by  dark  lines  into  elongated  bars  of  a  fixed  and 
regular  length,  an  appearance  which  has  not  yet  been  explained.  It 
reminded  us  of  the  Eanvier  constrictions  in  the  medullated  nerve 
fibre. 

In  potash  preparations  the  nuclei  of  the  lens  cells,  and  very  rarely 
the  cells  themselves,  are  visible. 
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The  ear. — To  study  the  mcmbrana  tympani,  remove  it  entire 
with  a  ring  of  hone  and  jjlace  it  some  liours  in  water.  The 
cuticle  can  then  be  removed.  It  is  next  placed  successively  in 
alcohol,  turpentine,  and  dammar. 

For  the  cochlea  and  organ  of  Corti,  remove  the  cochlea  from 
the  temporal  bone  of  young  animals  and  decalcify  in  solution 
of  chromic  acid,  weak  for  the  first  few  days  and  afterwards 
stronger.  When  decalcified  (8  to  14  days)  put  it  in  gum 
water,  harden  in  alcohol,  embed  and  make  sections. 

The  cochlea  must  be  fresh,  and  that  of  the  guinea-pig  and 
bat  are  very  suitable.  Lavdowsky  (Schultze's  Archiv.,  vol.  xiii.) 
recommends  osmic  acid  to  1  per  cent.)  and  a  combination 
of  silver  and  osmic  acid.  The  object  is  placed  in  1  per  cent, 
silver  solution  and  then  for  10  minutes  in  water,  to  which  a 
few  drops  of  J  to  1  per  cent,  osmic  acid  has  been  added.  To 
decalcify  the  cochlea,  he  recommends  that  after  it  has  been 
hardened  in  to  1  per  cent,  osmic  acid,  it  should  be  placed 
for  a  week  in  Miiller's  fluid,  and  then  in  the  mbcture  proposed 
by  Waldeyer  of  -j-J^^  per  cent,  chloride  of  palladium  with  a 
tenth  part  of  hydrochloric  acid.  It  is  next  saturated  with  a 
solution  of  the  purest  gum  arable,  hardened  in  common 
alcohol,  and  sections  are  cut.  The  hardening  with  e;um  and 
alcohol  should  not  be  too  intense.  He  recommends  as  an  em- 
bedding mass  the  transparent  soap  proposed  by  Flemming, 
and  that  the  sections  should  be  made  without  delay  and  as 
soon  as  the  soap  is  cold.  Examine  in  glycerine.  Fresh  pre- 
parations he  mounts  at  once  in  a  mixture  of  2  parts 
glycerine,  2  water,  1  half-concentrated  solution  of  acetate  of 
potash,  1  drop  of  osmic  acid  solution  being  added  for  each 
dram  of  the  mixture.  For  material,  young  dogs  and  cats  are 
specially  recommended  by  him. 

Fresh  preparations  should  be  examined  in  aqueous  humour, 
and  in  h  per  cent,  salt  solution,  and  nitrate  of  silver  and 
chloride  of  gold  used  lege  artis. 

The  cochlea  is  placed  entire  in  hardening  and  decalcifying 
solutions  when  small,  but  several  openings  should  be  made  in 
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it  when  large.    la  most  instances  this  will  in  any  case  be  re- 
quired in  order  to  favour  the  penetration  of  the  solutions. 

The  membranous  semicircular  canals  arc  most  conveniently 
studied  in  cartilaginous  fishes  such  as  the  skate.  The  various 
histological  methods  can  be  then  easily  employed. 

Nas^l  mucous  membrane.-The  regio  olfadorla  of  mammalia 
is  distinguished  from  the  rest  of  the  mucous  membrane  by  its 
yellovvish-bro^vn  colour.  The  epithehum  can  be  exammed 
after  maceration  in  32  per  cent,  solution  of  potash,  J  per  cent, 
solution  of  chromic  acid,  30  per  cent,  alcohol,  or  better,  \  to 
1  per  cent,  solution  of  osmic  acid  (Exner).  The  general  rela- 
tions of  parts  are  seen  in  sections. 

The  mode  of  termination  of  the  branches  of  the  olfactory  nerve 
is  still  unknown,  as  are  also  some  of  the  more  elementary  points 
regarding  the  structure  of  the  membrane.  It  is  probable  that 
some  of°the  methods  described  as  applicable  to  the  retina 
would  be  found  equally  useful  here,  if  modified  to  suit  the 
different  anatomical  relations. 

Organs  of  taste.— The  gustatory  buds  are  found  in  the  pa- 
pillai  circumvallata;  and  papillae  foliate.  Both  systems  of 
papilla  occur  in  man.  Cats  have  no  papiUse  foliatse  ;  guinea- 
l^igs  have  no  circumvallatiB  (Frey).  The  remarks  regarding 
the  olfactory  mucous  membrane  are  equally  applicable  here. 
Careful  maceration  of  the  epithelium,  sections  of  the  frozen 
tissue,  and  staining  by  solutions  of  gold  and  osmic  acid  are 
amongst  the  methods  which  are  to  be  recommended. 

EMBRYOLOaY. 

(Tlie  following  directions  are  translated  from  Dr.  Ezne'i's  hook) 
The  best  hardening  medium  for  embryonic  tissue  is  faintly 
sherry-coloured  chromic  acid  (say  |  per  cent).  Embryos 
hardened  in  alcohol  are  as  a  rule  unsuitable  for  microscopic  ex- 
amination. A  too  long  action  of  the  chromic  acid  makes  the 
tissue  friable.  It  is  best  therefore  to  harden  in  chromic  acid 
and  then  to  keep  the  preparation  in  alcohol  for  further  use. 
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The  chromic  acid  is  to  be  occasionally  changed,  and  as  the 
hardening  proceeds  to  be  used  gradually  weaker.  An  investi- 
gation of  the  first  stages  of  development  in  which  it  is  neces- 
sary to  make  a  continuous  series  of  sections  through  the  entire 
embryo  is  attended  with  great  difficulties. 

Fishes.— In  order  to  study  the  first  stages  of  development 
it  is  necessary  to  produce  artificial  impregnation.  The  ova  of 
a  trout,  for  example,  are  received  into  a  large  basin  of  water  by 
gently  stroking  the  belly  of  the  fish.  At  the  same  time  and  in 
the  same  way  the  sperma  of  the  male  is  obtained  and  allowed 
to  flow  into  the  basin.  Tiie  whole  is  stirred  with  the  plume 
of  a  feather. 

As  soon  as  the  stroking  of  the  female  produces  an  appear- 
ance of  blood  it  is  to  be  discontinued. 

The  fluid  is  undisturbed  for  2  hours.  The  ova  are  then 
removed  by  means  of  a  horn  spoon  and  a  feather,  and  placed 
in  the  apparatus  for  artificial  fish-breeding.  This  consists 
essentially  in  a  box,  with  pebbles  on  its  bottom,  half  an  inch 
above  which  a  set  of  glass  rods  are  fixed,  parallel  to  and  about 
two  lines  from  each  other. 

On  these  glass  rods  the  ova  are  so  placed  that  they  do  not 
touch  each  other,  and  the  box  is  arranged  so  that  a  current  can 
pass  through  it.  The  current  may  be  so  slow  that  it  passes 
out  in  drops.  It  has  to  be  examined  daily,  and  the  dead  ova, 
which  are  recognised  by  their  onacity,  removed. 

According  to  the  number  of  successful  ova  and  the  length  of 
the  hatching  process — it  lasts  72  days  M'ith  trout — is  to  be 
determined  the  number  which  are  to  be  taken  out  daily.  At 
the  beginning  they  are  to  be  taken  out  every  12  hours,  when 
the  ova  should  be  examined  in  a  watch-glass  with  a  simple 
microscope  in  order  that  the  cleavage  may  be  seen.  The  ova 
are  placed  in  weak  solution  of  chromic  acid,  which  should  be 
changed  as  soon  as  it  becomes  brown.  When  they  are  hard 
they  can  be  freed  from  the  membrane  of  the  ovum  with 
the  greatest  ease,  and  under  it  the  embryo  is  recognised. 
It  is  cut  off  with  part  of  the  yolk,  stained,  washed  in  water. 
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then  placed  in  alcohol,  finally  in  turpentine,  then  suitably  em- 
bedded in  M-ax  and  oil,  and  sections  made  gently  and  slowly 
with  a  knife  moistened  wltli  turpentine.  It  is  advisable  to 
have  a  knife  with  a  blade  hollow  enough  to  retain  sufficient 
turpentine  to  float  the  section.  Embryos  are  cut  without  any 
lateral  movement  of  the  knife,  the  cutting  being  done  by  a 
pushing  more  than  by  a  sawing  action.  At  first  every  section 
may  fall  to  pieces,  embryonic  tissue  being  on  account  of  its 
friableness  very  difficult  to  cut.  The  sections  are  immediately 
floated  to  the  object-glass,  the  turpentine  around  them  removed 
with  blotting-paper,  a  drop  of  dammar  varnish  added  and  a 
cover-glass  put  on.  A  paper  diaphragm  must  be  placed  be- 
tween the  glasses  to  protect  the  section.  The  preparation  is 
immediately  labelled,  the  number  of  days  after  impregnation 
being  noted. 

Batrachian.  The  spawn  is  collected  in  the  po.ols  of  marshy 
places.  Toad's  ova  are  scattered  through  strings  of  mucus ; 
in  the  ova  of  the  frog  each  ovum  is  surrounded  with  its  own 
globe  of  mucus. 

Spawn  should  not  be  taken  unless  the  ova  are  quite  round, 
for  then  only  is  it  freshly  laid.  The  cleavage  can  be  seen  in 
the  first  hours  by  the  naked  eye.  Such  ova  can  be  preserved 
as  preparations  by  hardening  them  in  a  mixture  of  equal  parts 
of  a  6  per  cent,  solution  of  sulphate  of  copper  and  20  to  30 
per  cent,  alcohol.  For  each  ounce  of  this  mixture  add  one 
drop  of  rectified  wood  vinegar.  After  20  hours  the  membrane 
of  the  ovum  can  be  easily  removed,  and  the  impregnated  ovum 
preserved  in  any  way  that  may  be  desired. 

In  shallow  vessels  the  fresh  ova  develop  within  6  to  8  days 
to  tadpoles.  At  the  beginning  ova  should  be  placed  in 
chromic  acid  every  G  hours,  later  once  or  twice  daily.  The 
mucus  is  removed  before  they  are  placed  in  the  fluid. 

Embedding  and  cutting  must  be  carried  out  with  a  regard 
to  the  following  points  :  The  cleavage  cavity  in  the  floating 
ovum  is  always  on  the  upper  surface,  and  when  the  ovum  is 
split  with  a  razor  from  above  downwards,  the  instrument 


142 


PRACTICAL  HISTOLOGY. 


jiasses  through  it.  The  ova  of  a  Later  stage  should  l)e  cut  -per- 
locntlicularly  to  the  semicirculnr  groove  wliich  adjoins  the 
vitelline  plug  of  Ecker,  now  visible  on  the  under  surface. 

The  staining  of  the  sections  is  on  account  of  the  excessive 
friableness  of  the  batrachiau  ovum,  connected  with  greater 
difficulties  than  is  the  case  with  other  embryos,  but  is  not  so 
necessary  as  the  elements  are  sharply  defined.  The  sections 
cut  with  turpentine  are  also  brought  directly  on  the  object- 
glass. 

Birds.^ — Impregnated  hen's  eggs  are  placed  under  a  sitting 
hen  or  are  hatched  in  an  incubator,  the  date  being  Avritten 
on  the  shell.  The  duration  of  the  period  of  incubation  of  the 
hen's  egg  is  2 1  days.  The  most  difficult  stages  for  investiga- 
tion are  again  naturally  the  first  hours  and  days.  The 
embryo  floats  on  the  top  of  the  yolk,  and  can  only  be  removed 
when  the  scissors  have  been  passed  round  it.  A  horn-spoon 
or  a  watch-glass  is  then  useful.  In  breaking  the  shell,  and  in 
tearing  the  shell-membrane,  it  is  necessary  to  be  careful  not  to 
disturb  the  embryo  which  lies  close  to  them.  In  the  first  days 
of  incubation  the  yoke,  freed  from  albumen,  is  placed  entire 
in  chromic  acid,  and  the  embryo  is  not  separated  from  it 
until  after  several  days,  when  the  vitelline  membrane  can  be 
removed  by  gentle  agitation  of  the  fluid. 

Embryos  of  the  later  days  are  removed  from  the  yolk  with 
a  horn-spoon,  and  after  1  per  cent,  salt  solution  has  been  passed 
over  them,  are  hardened  in  chromic  acid.  Embryos  of  the  first 
8  days,  on  account  of  their  smallness,  can  be  stained  entire 
before  being  cut.  The  further  treatment  is  the  usual  one. 
Very  small  embryos  can  be  hardened  in  osmic  acid  (until  they 
are  faintly  coloured),  and  then  preserved  entire  in  dammar 
varnish. 

Mammalia.— It  is  difficult  to  procure  material  for  investiga- 

1  Full  practical  directions  for  the  study  of  the  development  of  the 
chick,  together  with  a  complete  account  of  the  subject,  will  be  found 
in  "  The  Elements  of  Embryology,"  part  i.,  by  M.  Foster,  M.A., 
M.D.,  F.E,.S.,  and  Francis  M.  Balfour,  B.A. 
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tion  of  the  first  stages  of  development.  In  dogs  and  rabbits 
used  for  this  purpose,  the  act  of  impregnation  must  be  directly 
observed.  In  the  latter  this  is  so  much  the  easier,  as  the 
animals,  when  they  have  been  separated  for  some  time,  pair  as 
soon  as  they  are  put  together.  The  female  is  killed,  and  the 
inner  surface  of  the  tuba  examined  with  a  dissecting  lens. 
AVhen  it  is  spread  out  on  a  glass  plate  and  the  folds  separated 
by  a  needle,  it  is  usually  easy  to  find  the  ova.  The  ova  of  the 
dog  are  larger,  less  transparent,  and  so  easier  to  find.  The 
tuba  is  fixed  on  black  wax  with  pins,  and  carefully  split  with 
small  scissors.  Light  is  concentrated  on  the  surface  with  a 
lens,  the  ova  appearing  as  white  points  and  generally  lying 
close  together. 

Embryos  of  more  advanced  stages  are  hardened  in  chromic 
acid  in  the  usual  way. 


L;  .^Wt;ST-HiDING 
Ml-.DICu-UHIKURaiCAL  SUCIETY 


INDEX. 
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Amyloid  degeneration,  l-l. 
Aniline  blue,  12. 

„      „    for  Ijono,  02. 
„    Maek,  15. 

„     eoloin-.s,  12. 

„    red,  12. 
Aqueous  liumour,  7. 

,,      maceration  in,  SO. 
Areolar  tissue,  43. 
ArterieB.  01. 
Auerbaeh's  jilexus,  80. 

Bai-yta  water,  61. 

Berlin  bine,  03. 

,,       ,,     for  lymjihatics  of  dia- 
phragm, 03. 

Bichromate  of  ammonia,  0,  104. 
,,       ,,       potash,  0. 

Bone,  (il. 

Bowuian'.s  caiisule,  102. 
Blood,  20. 

mammalian,  30. 
Blood  vessels,  00. 
Brain,  104. 
Brunner's  glands,  09. 
Biomswlek  black,  2. 

Canada  balsam,  28. 

Crtiiillaries,  00. 

Carbolisod  serum,  8. 

,,  ,,    for  retina,  132. 

Canniue,  0. 

Carmine,  acid,  10. 

,,      injection  mass,  17. 

Cartilage  diseased,  appearances  in,  GO. 
,,       hyaline,  57. 

CeHs  of  eouucctive  tissue,  38. 
,,    in  cartilage,  60,  01. 

Cells  of  bone,  03. 

,,    in  ossification.  04. 

Chloride  of  palladium,  0. 

Chromic  aeid,  0. 

,,       ,,    for  bone,  62. 

Chyle  passages,  07. 

Circulation  of  the  blood,  how  to  ob- 
serve. 02. 

Cornea,  105,  112. 

cells  of,  114. 
„      epithelium  of,  100. 


Corpuscles,  blond,  20. 

,,  ,,     red  of  frogs,  20. 

,,       counting  the  blood,  32. 
,,       colourlcs.s,  31. 

Dammar  vaniish.  2K. 
Dcscemct's  memljrane,  100,  121. 
Diapcdcsis  of  colom-less  corpuscles,  02. 
Digestion,  artificial,  55. 
Dissecting  microscopes,  21. 

Ear,  138. 

Ebnnr's.  Von,  method  for  bono,  C4. 
Elastic  fibres,  40,  51,  53,  54. 

,,     membranes,  01. 
Elder  pith,  for  section-cutting,  25. 
Embedding  mass,  23. 
Embedding,  method  of,  24. 
Endotheliiuu,  37. 

in  cornea,  100,  110,  120. 

Eosin,  12. 

,,     action  on  blood  corpuscles,  31. 
Epidermis  50. 
Epithelium,  squamous,  35. 

columnar.  35, 
,,  ciliated,  3.5. 

Examining  simple  objects,  4. 
Eye,  105. 

Fat,  57. 

Fibrillai-j'  tissue,  delicate  forai  of,  50. 
Eibrine,  30. 

Formic  aeid,  for  len.s,  135. 
Freezing  microtome,  25. 
Freezing,  simple  method  of,  25. 

Dr.  Urban  Pritehard's  method 
of,  20. 
Fuchsine,  12. 

Gall  ducts,  injection  of,  100. 
Ganglion  cells,  SO. 

,,   of  Auerbach's  plexus,  00. 
Gerlaeh's  method  for  nerves  of  muscle,85. 
^,  ,,   spinal  cord  and 

brain,  104.  ■ 
Giant  cells,  60. 
Glycerine,  forseciions,  26. 

„        maccratirn  in.  for  retina,  126, 
Glycogen  for  colourless  blood  corpuscles, 
32. 

Gobie"t  cells,  00. 
Gold  chloride,  0,  15. 
„        „    for  Auerbach's  plexus,  SP. 
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Gold  chlorkle,  for  blood  vessels,  ilO. 

,,       „    fur  coruoii,  112. 

„       ,,   for  lens,  136. 

,,       „    for  nerves,  81. 
,,    for  skin,  56. 

„       ,,    ;uidacctic!icid  for  muscle,  73. 

,,        ,,  :radformic.icidforretina,l:!0. 

',       ,',    ixiid  pota.ssumi  chloride,  10. 
Gum,  hardening  iu,  6. 

Hremoglobin  crystals,  32. 
Hoemin  crystals,  32. 
Hajmatoxylin,  10. 

,,         alcoholic  solution  of,  12. 
Hair,  57. 

Hardening  agents,  C. 
Heart,  S9. 

H(5nocque's  method  for  gold  chloride,  S3. 
Hydrochloric  acid  for  bone,  61. 
,,         M  skin,  54. 

I,       J.  nerves,  85. 
,,         „      ,,  uriniferous  tubes, 
102. 

Iodised  serum,  S. 

,,      vitreous  humour,  8. 
Immersion  lenses,  5. 
Indigo-cai-mine,  94. 
Injection  masses,  16. 
Injection,  method  of,  18. 

,,       apparatus,  20. 
Instruments,  1. 
Intestine,  97. 

Kidney,  102. 
Knife,  2. 

Klein,  Dr.  's,  method  for  cor  neal  nerTes,S3 

,,         ,,         ,,     spleen,  100. 
Kuhne's  method  for  nerves,  S5. 

Lens,  135. 

Ligamentum  nuohse,  cells  in,  52. 
Liver,  99. 
Logwood,  10. 

,,       and  acetic  acid,  11. 

,,       for  ossification  in  cai'tilage,  64. 
Lowit's  method  for  nei-ves,  83. 
Lungs,  101. 
Lymphatic  glands,  95. 
Lymiihatic  vessels,  92. 
Lympli  sjiaees  of  the  eye,  105. 

Magenta,  12. 

,,       for  elastic  fibres,  53. 
Marrow,  63. 

Measurement  of  objects,  5. 

Meissner's  plexus,  89. 

Membi-ana  propria  of  glands,  96. 

Mihalkowics,  methods  for  testicle,  102. 

Microscope,  3. 

Microtome,  25. 

Moist  chambei',  21, 

Molybdate  of  ammonia,  12,  96. 

Mouth.  95, 

MUllers  fluid,  0. 

Muscle,  involuntary,  78. 

,,       striped,  67. 

,,      and  tendon,  union  of,  77. 

Nails,  57. 


Nerves,  79. 

,,      of  cornea,  81. 

„       groy       Romak's),  89. 

,,      of  muscle,  85. 

,,      of  tendon,  87. 

of  skin,  55,  5(i. 
,,      terminal  bulbs  of,  87. 

Omentum,  46. 

Osmic  acid,  9,  15. 

,,      ,,    for  fat,  57. 
,,      ,,    for  nerves,  79. 

,,    for  retina,  123,  125. 
,,    for  skin,  55. 
,,      ,,    preparations,  method  of  pre- 
serving, 28. 

Ossification,  64. 

Osteoclasts,  64. 

Ovai-y,  103. 

Pacinian  corpuscles,  88. 

,,  ,,         in  skin,  56. 

Pancreas,  99. 

Paraffin  embedding  mass,  24. 
Per  cent,  solutions,  meaning  of,  5. 
Picric  acid,  6. 

„      ,,   for  bone,  62. 

,,       ,,     ,,  elastic  fibres,  53. 
Picrocarminate  of  ammonia,  10. 
Polarising  apparatus,  21. 
Poncet's  method  for  terminal  nerve 

bulbs,  87. 
Potash,  7. 

,,       saturated  solution  of,       c,  50. 

,,  ,,      ,,  for  carti- 

lage, 60. 

, ,      satur.ated  solution  of,  for  cells,  of 

cornea,  117, 
,,      saturated  solution  of,  for  lens,  136. 
,,      '      ,,  ,,       ,,  for  medul- 

lated  nerve  fibres,  88. 
,,       saturated  solution  of,  for  njuscu- 

lar  fibre,  75, 
, ,      saturated  solution  of,  for  retina, 

131. 

Protoplasm,  49. 

Prussian  blue,  soluble,  16, 

Puncture,  method  of  for  injection  of 

IjTnphatic  vessels.  94. 
Purkinjie's  fibres,  heart,  89. 
Purpuriue,  14,  128. 

Quinol6ine,  12. 

Rauvier's  nodes,  79. 
Razor,  2. 
Retma,  122. 

Rosaniline,  acetate  of,  12. 
Roseine,  12. 

Salt  solution,  for  bone,  63. 

,,       ,,        cartilage,  60. 

,,      ,,        fibrillary  tissue,  51. 
Schwalbe,  methods  of,  for  elastic  fibres, 
51. 

Sebaceous  glands,  54, 
Sections,  how  to  cut,  22. 
Serous  membranes,  45. 
Serum,  7. 
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Silver  nitrate,  for  vitreous  humour,  135. 

,,    and  osinie  acid  for  cochlea, 

13S. 

Silver  nitrate  and  goliitino  for  injection, 
102. 

Silver  nitrate,  explanation  of  apijcur- 

ance.=i  it  produces,  110. 
Skin,  53. 
Boda,  7. 

Spinal  cord,  103. 
Spleen,  100. 
Staining  agents,  0. 


Staining,  methods  of,  2(i. 
Stirling's,  Dr.,  method  of  artificial  diges- 
tion, 51. 
Stoiiiadi,  00. 
Stomata,  37. 

Suljaraehnoid  trabeculiu,  50. 
Submaxillary  gland,  00. 
Suljiliatc  of  eojjpcr  for  lens,  130. 
Sweat  glands,  51. 
Syringes,  18. 

Tactile  corpuscles,  55. 
'i'eeth,  CO. 
Tendon,  .37. 
Testicle,  102. 
Thymus  gland,  101. 
'J'onsils,  05. 

Transparent  soap  for  embedding,  24. 

Vasoformative  cells,  4H. 
Veins,  01. 

Violet  of  methylaniUne,  13. 
Vitreous  humour,  7, 135. 

Warm  stages,  21. 

Yellovi'  fibro-cartilage,  CI. 
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The  Text-Book  of  Operative  Surgery.  From  the  French  of 
Professors  Claude  Bernard  &  Huette. 
IlUistrated  with  88  plates.     Edited  and  re-written  by 
Arthur   Trehern   Norton,    F.R.C.S.,    Surgeon   to,  and 
Lecturer  on  Surgery  at,  St.  Mary's  Hospital. 

To  be  completed  in  about  8  monthly  parts.    Plain,  2S.  6d.; 

coloured,  ^s.  each. 
"A  work  of  the  highest  merit  as  a  guide  to  operative  surgery." — Stu- 
dcnfs  jfounial. 

Osteology  for  Students,  with  Atlas  of  Plates. 

By  Arthur  Trehern  Norton,  F.R.C.S., 
Atlas  and  text  in  one  volume,  price  "js.  6d. :  in  two  vols., 
8s.  6d. 

"The  handiest  and  most  complete  hand-book  of  Osteology. " —  T/ie Lancd. 
By  the  same  AutJior,  Second  Edition,  Illustrated,  6s. 
Affections  of  the  Throat  and  Larynx. 

"Short,  simple,  and  thoroughly  practical  instruction.'' — Medical  Times. 

Lessons  in  Laryngoscopy :  including  Rhinoscopy  and  the 
Diagnosis  and  Treatment  of  Diseases  of  the  Throat. 
Illustrated  with  Hand-coloured  Plates  and  Wood-cuts. 

By  Prosser  James,  M.D.,  M.R.C.P., 
Lecturer  on  Materia  Medica  and  Therapeutics  at  the 
London  Hospital,  &c.    5s.  6d. 

By  the  same  Author, 
The  Progi'ess  of  Medicine.    A  Lecture  delivered  at  the 

London  Hospital.  \s. 
The  Text-Book  of  (113)  Anatomical  Plates,  designed  under 
the  direction  of  Professor  Masse,  with  Descriptive  Text. 
By  E.  Bellamy,  F.R.C.S., 
'    Professor  of  Anatomy,  Science  and  Art  Department,  South 
Kensington,  Senior  Assistant  Surgeon  and  Lecturer  in 
Anatomy  and  Operative  Surgery,  Charing  Cross  Hospital. 
Second  edition,  plain,  2\s.  ;  coloured,  42s. 

"With  these  plates  the  student  will  be  able  to  read  up  his  anatomy 
almostas  readily  as  with  a  recent  dissection  before  him.'' — Student' sJonrHal. 

The  Pathological  Anatomy  of  the  Hiiman  Body.  Trans- 
lated from  the  German  of  Professor  Vogel. 

By  George  E.  Day,  M.A.  Cantab.,  M.R.C.P.  Lend. 
With  100  plain  and  coloured  engravings.  iSs. 
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Handbook  for  Attendants  on  the  Insane,  with  practical 
information  respecting  their  duties  nnd  lialiilities ;  instruc- 
tions for  tlie  management,  artificial  feeding,  mechanical 
restraint  of  the  insane  ;  legal  documents  required  for  their 
confinement.    Price  is. 

By  Lyttleton  S.  Forbes  Winslow,  M.B.,  D.C.L., 
Oxon ;  M.R.C.P.,  Lond. ;  Lecturer  on  Mental  Diseases 
Charing  Cross  Hospital ;  Editor  of  T'Ac  Journal  of  Psy- 
chological Medicine. 

IVorks  by  the  same  Autho?; 

Manual  of  Lunacy.    A  Handbook  relating  to  the  Legal  care 
and  treatment  of  the  Insane.    Price  \2s.  bd. 
"  A  comprehensive  digest  of  every  subject  connected  with  the  legal  care 
of  the  insane." — Medical  Times. 

A  Lunacy  Chart :  being  a  Synopsis  of  the  Lunacy  Acts,  and 
having  special  reference  to  the  management  and  care  of 
persons  of  Unsound  Mind.  Price  is.  6d.  Varnished  and 
mounted  on  canvas  and  rollers,  4^'.  6d. 

Spiritualistic  Madness.    Price  is. 
Religious  Insanity.  7//  preparation. 

Insanity  of  Passion  and  Crime.  Ditto. 
Uncontrollable  Drunkenness.  Ditto. 
Handbook  of  Post-Mortem  Examinations,  and  of  Morbid 
Anatomy. 

By  Francis  Delafield,  M.D., 
Curator  to  Bellevue  Hospital,  New  York.    Price  15^. 

The  Students'  Case  Book :  containing  Practical  Instruc- 
tions, and  all  the  Necessary  Information  for  Clinical  Work 
and  Systematic  Case-taking,  with  a  number  of  Ruled 
Sheets,  for  recording  particulars  of  cases  as  seen. 

By  George  Brown,  M.R.C.S.,  Late  Demonstrator  of 
Anatomy,  Westminster  Hospital ;  Gold  MedaHst,  Charing 
Cross  Hospital.    2nd  edition,  enlarged,  is. 

By  the  same  Author. 
Aids  to  Anatomy,  for  Students  preparing  for  Examination. 
2nd  Thousand,  cloth,  is.  6d.;  or,  paper  urapper,  is. 

Aids  to  Surgery.    In  preparation. 


Publicatiolu  by  Baillihre,  Tiiidall,  and  Cox. 
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Elements  of  the  General  and  Minute  Anatomy  of  Man 

and  the  Mammalia.    From  Original  Researches. 

By  Professor  Gerber,  University  of  Bern,  and 

Piofessor  George  Gulliver,  F.R.S. 
2  vols,  containing  thirty-four  plates.  15^. 
Watiu'e  and  Treatment  of  Deformities  of  the  Human 
Body. 

By  Lambert  H.  Ormsby,  M.B.,  University  Dublin, 
Surgeon  to  the  Meath  Hospital  and  County  Dublin  Infir- 
mary.   Crown  8vo.,  illustrated.    Price  5J. 
Cholera :  how  to  Prevent  and  Resist  it. 

By  Professor  von  Pettenkofer, 
Professor  of  Hygiene,  University  of-  Munich,  President  of 
the  Sanitary  Department  of  the  Gei^man  Empire ;  and 

Thomas  Whiteside  Hime,  A.B.,  M.B., 
Lecturer  on  Medicine  at  the  Sheffield  School  of  Medicine. 
Illustrated  with  Woodcuts  and  Diagram,  3J.  dd. 
Diarrhoea  and  Cholera :  their  Successful  Treatment. 

By  John  Chapman,  M.D.,  M.R.C.P.  London,    is.  6d. 
"His  arguments  are  enforced  at  great  length  in  the  pamphlet  before  us, 
and  are  supported  by  an  extensive  array  of  facts." — Medical  Times  and 
Gazette. 

Causes  of  Cholera :  its  Treatment. 

By  Wm.  Grove  Grady,  M.D.,  M.R.C.S.  u. 

How  to  Avoid  Typhoid  Fever  and  Allied  Diseases,  with 
plain  rules  on  house  drainage,  (Sic.  By  Arthur  H. 
DowNES,  M.B.,  M.D.    Price  \s. 

Notes  on  TTuisanees,  Drains,  and  Dwellings  :  their  De- 
tection and  Cure.  By  W.  H.  Penning,  F.G.S.  Second 
Edition,  bd. 

"  The  directions,  wliicli  are  plain,  sound,  and  practical,  will  be  found 
useful  in  every  household." — The  Doctoi: 

"  This  little  pamphlet  should  be  studied  by  everybody." — Scientific  Review. 
T3rphoid  Fever :  its  Treatment. 

By  Willi.\m  Bayes,  M.D.,  L.R.C.P.  li. 
African,  West  Indian,  and  other  Fevers  and  Disorders. 

By  Alexander  Lane,  M.D.,  Surgeon  Royal  Navy.  6d. 
How  to  Prevent  Small  Pox. 

By  MoRDEY  Douglas,  M.R.C.S.,  L.R.C.P.  Third  edi- 
tion, 6<z'. 

"  This  is  a  very  valuable  pamphlet." — Medical  Press. 
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Experimental  Researches  on  the  Causes  and  Nature  of 
Hay  Fever.    With  Woodcuts  and  Lithogra];hic  Tables. 
By  Charles  H.  Blackley,  M.D.,  M.R.C.S.  ts. 

"  It  i.s  a  piece  of  real  honest  work,  original  and  instinctive,  and  will  well 
repay  perusal." —  7'/"'  Lanai. 

"  We  have  read  Mr.  lilacklcy's  very  instructive  treatise  with  much  inte- 
rest, and  have  been  much  impressed  by  his  ingenuity  in  devising  experi 
menls,  his  industry  in  carrying  them  out,  and  his  obvious  candour  in  giving 
the  results  of  his  observations." — Dr.  Heorge  Johnson  in  the  London  Medical 
A'lCord. 

Diagnostics  of  Aiiral  Disease.     Second  Edition,  witli  a 
Chapter  on  tiie  Application  of  Electricity,  and  Uescriplion 
of  the  Author's  Magneto-Electric  Catheter. 
By  S.  E.  Smith,  M.R.C.S.    Illustrated,  2s.  bd. 

The  Philosophy  of  Voice.  An  Essay  upon  the  Physiological 
and  Physical  Action  of  the  Breath  and  Vocal  Cords  in  the 
Production  of  Articulate  Speech,  conjoined  with  Vocal 
Utterance.    By  Charles  Lunn.    Third  Edition.  \s. 

Deafness  :  its  Causes  and  Treatment,  with  Anatomy  and 
Physiology,  Human  and  Comparative,  of  the  Organ  of 
Hearing;  the  Diseases  incidental  to  its  Structure,  and 
their  Treatment. 

By  John  P.  Pennefather,  M.K.Q.C.P.,  L.R.C.S.,  &c.. 
Surgeon  to  the  Royal   Dispensary  for  Diseases  of  the 
Ear,  iS:c.    Illustrated.    2nd  edition,  2s.  6d. 

SterUity :  its  Causes  and  Treatment.  A  Paper  read  before 
the  Medical  Society  of  London,  by  I.  Baker  Brown, 
F.R.C.S.  (Exam.),  late  Surgeon  Accoucheur  to,  and  Lec- 
turer on  Diseases  ot  Women  and  Children  at,  St.  Mary's 
Hospital,  and  printed  by  request.    Price  is. 

The  Diseases  of  "Women  connected  with  Chronic  In- 
flammation of  the  Uterus.  Their  constitutional  character 
and  treatment.    Second  edition,  price  is. 

By  Thomas  More  Madden,  M.D.,  M.R.LA., 
Examiner  in  Obstetric  Medicine  in  the  Queen's  Univer- 
sity, Ex-Physician  to  the  Rotundo  Lying-in-Hospital,  &c. 
By  the  same  Atithor, 

Diagnosis  and  Treatment  of  Uterine  Polypi.    Price  is. 

Also, 

On  Uterine  Hydatidiform  Disease,  or  Cystic  Degeneration 
of  the  Ovum.    Price  \s. 


Publications  by  Bailliere,  Tindall,  and  Cox. 


9 


The  Sewage  Question :  a  Series  of  Reports.     Being  Investi- 
gations into  the  condition  of  the  Principal  Sewage  Farms 
and  Sewage  Works  of  the  Kingdom,  from 
Dr.  Letheby's  Notes  and  Chemical  Analyses,    ^s.  6(i. 

"  These  Reports  will  dissipate  obscurity,  and,  by  placing  the  subject  in  a 
proper  liHit,  will  enable  local  authorities,  and  others  interested  in  the 
matter,  to  perceive  the  actual  truths  of  the  question,  and  to  apply  them 
practically." 

A  Treatise  on  Pkarmaey,  designed  as  a  Text-book  for  Stu- 
dents, and  as  a  Guide  for  the  Physician  and  Pharmacist, 
containing  the  officinal  and  many  unofficinal  Formulas, 
and  numerous  examples  of  extemporaneous  Prescriptions. 

By  Edward  Parrish, 
Late  Professor  of  the  Theory  and  Practice  of  Pharmacy, 
Philadelphia  College.    Fourth  Edition,  enlarged  and  re- 
vised by  Thomas  S.  Wiegand.    With  280  Illustrations, 
half-bound  morocco,  30J'. 

"  There  is  nothing  to  equal  Parrish's  Pharmacy  in  this  or  any  other  lan- 
guage."— Pharmawutical  yournal. 

The  Pharmacopceial  Companion  to  the  Visiting  List 

Being  a  Posological  Table  of  all  the  Medicines  of  the 
British  Piiarmacopoeia,  arranged  according  to  their  action. 

By  R.  T.  H.  Bartley,  M.D.,  M.B.  Lond., 
Surgeon  to  the  Bristol  Eye  Hospital.    2nd  edit,  price  6d. 

The  Speeiflc  Action  of  Drugs.    An  Index  to  their  Thera- 
peutic Value. 

By  Alexander  G.  Burness,  M.D.,  and  F.  Mavor, 
President-  of  the  Central   London  Veterinary  Society. 
Price  zos.  6d. 

Short  Lectoires  on  Experimental  Chemistry.  Introduc- 
tory to  the  general  course. 

By  J.  Emerson  Reynolds,  F.C.S.,  M.R.C.P., 
Professor  of  Chemistry,  Royal  College  of  Surgeons,  Pro- 
fessor of  Analytical   Chemistry,  and   Keeper   of  the 
Minerals,  Royal  Dublin  Society,    y.  bd. 
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lo  Fublications  by  Bailliere,  Tiiidall,  and  Cox. 

Notes  on  the  Pharmacopoeial  Preparations.  Specially 
arranged  for  tlie  use  of  Students  preparing  for  Examina- 
tions, and  as  a  Note-book  for  General  J'ractitioners. 

By  Handsel  Griffiths,  Ph.D.,  L.R.C.P.,  &c. 
Professor  of  Ghemistry  at  the  Ledwich  Sciiool  of  Medicine. 
Librarian  to  the  Royal  Gollege  of  Surgeons  of  Ireland, 

"Will  be  found  useriil  to  sludents  engaged  in  the  study  of  Materia 
Medica  and  the  Pliarmacopceia  ;  tiie  Notes  are  faithful." — 'J'lie  Lancet. 

"From  the  many  excellences  of  the  work,  we  can  confidently  recom- 
mend it  as  a  most  valuable  help  for  those  who  are  preparing  for  medical 
examinations. " — Sludents'  JouDtcil. 

By  t/te  same  A  iit/107; 
Posological  Tables :  Being  a  Classified  Chart  of  Doses  ; 
showing  at  a  glance  the  Dose  of  every  Officinal  Substance 
and  Preparation.  For  the  use  of  Practitioners  and  Students. 
Third  edition,  is. 

"We  welcome  these  Tables,  which  are  the  best' we  have  seen,  as  a  great 
boon  to  students  and  practitioners." — Hospital  Gazelle. 

"  The  Local  Government  Board  might  advantageously  consider  the  pro- 
priety of  supplying  every  dispensary  and  workhouse  with  a  copy,  the  cost 
of  which  would  weigh  little  against  the  benefit  which  such  ready  informa- 
tion would  be  to  the  Poor  Law  service. " — Medical  Press  and  Circular. 

Also, 

A.  System  of  Botanical  Analysis,  applied  to  the  Diagnosis 
of  British  Natural  Orders,  for  the  Use  of  Beginners.   \s.  6d. 

"Backed  by  such  high  authority  as  Professors  Bentley,  Henslow,  and 
other  eminent  botanists,  we  can  safely  introduce  it  to  the  notice  of  our 
readers ." — Stndenis'  yonrnal. 

"  The  author  has  placed  the  student  under  considerable  obligations  by 
liis  system  of  botanical  analysis." — Pharmaceutical  Journal. 

Aids  to  Botany,  specially  designed  for  Students  preparing  for 
the  Apothecaries'  Hall  and  other  examinations. 
By  C.  E.  Armand  Semple,  M.D.  Cantab.,  M.R.C.P.  Lond. 
Cloth,  js.  6d. ;  or,  paper  wrapper,  is. 

By  the  same  Ant  ho?', 
Aids  to  Chemistry,  including  its  relation  to  Materia  Medica, 
Therapeutics,  and  Pharmacy.     Cloth,    is.  6d.  ;  paper 
wrapper,  is. 

Chemical  Notes  for  Pharmaceutical  Students,  including 
the  Chemistry  of  the  Additions  to  the  Pliarmacopceia. 
By  A.  Rivers  Willson.    2s.  6d. 


Publications  by  Baillih-c,  Tindall,  and  Cox. 
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The  Medical  Student's  Guide ;  on  the  best  course  to  be 
pursued  by  those  enteruig  the  Medical  Profession. 
By  VV.  Douglas  Hemming,  M.R.C.S.    Price  6d. 

By  the  same  Arctkor, 
Aids  to  Examinations.    Being  Questions  and  Answers  on 

Medicine,  Midwifery,  Materia  Medica,  Forensic  Medi- 
cine, &c.  ;  for  the  Use  of  Students  going  up  for  the  Exami- 
nations.   Price  IS.  6d.,  cloth  ;  paper,  i^. 

Chemistry  in  its  Application  to  the  Arts  and  Manufac- 
tures.   A  Text-Book  by  Richardson  and  Watts. 

Vol  I  •  Parts  I  and  2.— Fuel  ' and  its  Applications.    433  Engravings, 
and  4  Plates      ...  £1  lbs. 

Part  3.— Acids,  Alkalies,  Salts,  Soap,  Soda,  Clilorine  and  its 
Bleaching  Compounds,  Iodine,  Bromine,  Alkalimetry, 
Glycerine,  Railway  Grease,  &c.,  tlaeir  Manufacture, 
and  Applications         .  .  .  ij-*'- 

Part  4.— Phosphorus,  Mineral  Waters,  Gunpowder,  Gun- 
cotton,  Fireworks,  Aluminium,  Stannates,  Tung- 
states,  Chromates  and  Silicates  of  Potash  and  Soda, 
Lucifer  Matches  .  .  •  I-f- 

•  Part  5. — Pnissiate  of  Potash,   Oxalic  Acid,   Tartaric  Acid, 
Many  Tables,  Plates,  and  Wood  Engravings,;^!  16s. 
Parts  3,  4,  and  5  separately,  forming  a  complete 

Practical  Treatise  on  Acids,  Alkalies,  and  Salts  :  their 
Manufacture  and  Application.    In  three  vols.,  ^4  10s. 

Collenette's  Chemical  Tables :  Oxides,  Sulphides,  and 
Chlorides,  with  Blank  Forms  for  Adaptation  to  other 
Compounds.  Arranged  for  the  use  of  Teachers  and 
Students,  by  Professor  Collenette.  6d. 

"An  excellent  means  for  the  communication  of  much  valuable  informa- 
tion."— Chemist  and  Druggist. 

Chemistry  in  its  Relation  to  Physiology  and  Medicine. 
By  George  E.  Day,  M.A.,  Cantab.,  M.D.,  F.R.S., 
late  Professor  of  Medicine  in  the  University  of  St.  An- 
drew's. lOJ. 


Rudiments  of  Chemistry,  with  Illustrations  of  the  Chemistry 
of  Daily  Life.    Fourth  Edition,  with  130  Woodcuts. 
By  D.  B.  Reid,  M.D.,  F.R.S.,  F.R.C.P.  Edin.    2s.  6d. 


12  Publicaliuiis  by  BaiiHire,  Tindall,  and  Cox. 

A  Practical  Text-Book  of  Inorganic  Chemistry,  including 
the  Preparalion  of  Substances,  and  their  QuaHtative  and 
Quantitative  Analyses,  witii  Organic  Analyses. 

By  D.  Campbell, 
late  Demonstrator  of  Practical  Chemistry  in  University 
College.    5,f.  6c/. 

The  Chemical  and  Physiological  Balance  of  Organic 
Nature:  an  Essay,     i  vol.,  i2mo. 

By^  Professors  Duma.s  and  Boussincault.  4j-. 

Elements  of  Chemistry  ;  including  the  application  of  the 
Science  in  the  Arts. 

By  T.  Graham,  F.R.S., 
late  Master  ol  the  Mint.    Second  Edition,  revised  and 
enlarged.   Illustrrted  with  Woodcuts.    2  vols.,  8vo.  £,2. 
Vol.11.    Edited  by  EI.  Watts,  M.C.S.  Separately,;^!. 

Practical  Treatise  on  the  Use  of  the  Microscope. 

By  J.  QUECKETT. 

Illustrated  with  11  Steel  Plates  and  300  Wood  Engrav- 
ings.   Third  Edition,  £,1  \s. 

By  tJie  same  Author, 
Lectm-es  on  Histology  :  Elementary  Tissues  of  Plants  and 
Animals.     On  the  Structure  of  the  Skeletons  of  Plants 
and  Invertebrate  Animals.    2  vols.,  8vo.    Illustrated  by 
340  Woodcuts.    £,1  8j-.  dd. 

An  Introduction  to  Practical  Histology. 
By  George  Thin,  M.D.  5s. 

Introdiiction  to  Cryptogamic  Botany.  8vo.  Illustrated 
with  127  Engravings.    By  Rev.  M.  J.  Berkeley. 

A  Practical  Treatise  on  Coal,  Petroleum,  and  other  Dis- 
tilled Oils.  Illustrated  with  42  Figures,  and  a  View  on 
Oil  Creekj  in  Pennsylvania.  8vo. 

By  A.  Gesner.    ioj.  dd. 

The  Architecture  of  the  Heavens. 

By  J.  P.  Nichol, 
Professor  of  Astronomy  in  the  University  of  Glasgow. 
Ninth  Edition.    Illustrated  with  23  Steel  Engravings  and 
numerous  Wood-cuts.  i6i-. 
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The  Protoplasmic  Theory  of  Life.     Containing  the  Latest 
Researches  on  the  subject.  t>  iv/r  0 

By  John  Drysdale,  M.D.,  F.R.M.b., 
President  of  the  Liverpool  iMicroscopical  Society.  5^. 
"Subjects  beyond  the  pale  of  p.-ecise  knowledge  are  treated  of  in  a 
manner  which  will  quite  repay  perusal.  —Nature. 

By  the  same  Author, 
Life  and  the  Equivalence  of  Force. 

Part  I.  Historical  Notice  of  the  Discovery  of  the  Law  of 

Equivalence  of  Force.  \s. 
Part  IL  Nature  of  Force  and  Life  :  containing  the  Har- 
mony of  Fletcher  and  Beale.    u.  6^. 
"The  book  is  well  worth  perusal."—  Westminster  Rruieiv 
"  We  cannot  part  from  this  work  without  praismg  the  calm  and  excellent 
spirit  in  which  tlie  subject  is  \,-^K,dL\^^\."— The  Examiner. 

Practical  Lessons  in  the  Nature  and  Treatment  of  the 
Affections  produced  by  the  Contagious  Diseases ;  byphi- 
Htic  Inoculation,  Infantile  Syphilis,  and  the  Results  of  the 
Contagious  Diseases  Acts.  -n  ^  c 

By  the  late  John  Morgan,  M.D.,  F.k.C.S., 
Professor  of  Anatomy  in  the  Royal  College  of  Surgeons, 
Lecturer   on  Clinical   Surgery,  Physician  to  the  Lock 
Hospitals,  DubUn.    Second  thousand.    Price  SJ. 
"Contains  much  that  is  original  and  of  practical  importance."— 7»« 

^''"  This  is  a  most  instructive  work,  and  reflects  great  credit  on  Dr.  Moi- 
o-an."- r/if  Medical  Press  and  Circular. 

By  the  same  Author.    Illustrated,  price  \s. 
On  the  Cure  of  Bant  Knee,  and  the  unmediate  Treatment 
of  Stiff-joints  by  extension. 

Also, 

The  Dangers  of  Chloroform  and  the  Safety  and  Efficiency 
of  Ether  as  an  Agent  in  securing  the  Avoidance  of  Pain 
in  Surgical  Opeiations.    Second  Thousand,  price  2s. 

The  Dental  Profession.  A  Letter  by  a  Dental  Surgeon, 
Member  of  the  Royal  College  of  Surgeons,  on  the  abuse 
of  the  profession.    Price  \s. 

The  Student's  Manual  of  Medicine. 

By  John  James  Eberle,  L;R.C.P. 
Part  I.  Diseases  of  the  Respiratory  Organs.    2s.  6d. 
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Kesponsibility  and  Disease  :  an  Essay  upon  moot-points  in 
Medical  Jnrisi)ru(lencc,  about  which  Medical  Men  should 
not  fail  to  be  well  instructed. 

By  J.  H.  IUlfour  Brcmvnk,  Bauister-at-Law, 
Author  of  "Tjie  Medical  Jurisprudence  of  Insanity,"  &c.  2s. 

On  Mental  Capacity  in  Relation  to  Insanity,  Crime  and 
Modern  Society.  ' 
By  Christopher  Smith,  M.D.    Price  3^-.  Gd. 
Diseases  of  the  Prostate  Gland. 

By  J.  Stannus  Hughes,  M.D.,  F.R.C.S. 
Professor  of  Surgery,  Royal  College  of  Surgeons,  Vice- 
President  of  the  Dublin  Pathological  Society, 

Syphilis :  Its  Nature  and  Treatment. 

By  Charles  R.  Drvsdale,  M.D.,  F.R.C.S., 
Physician  to  the  Metropolitan  Free  Hospital ;  late  Secre- 
tary Harveian  Medical  Society's  Committee  for  the  Pre- 
vention of  Venereal  Diseases.    Second  Edition,  ^s.  6d. 

"Contains  in  a  moderate  compass  the  conclusions  of  an  industrious, 
pauistakmg  syphilographer.  "—Medical  Press  and  Cimdar. 

By  the  same  Author, 
Alpine  Heights  and  Climate  in  Consumption,  is. 
Tertiary  Syphilis  ;  its  Antecedents  and  Treatment :  a  paper 
read  before  the  Medical  Society  of  London.    Price  Gd. 

Also, 

For  and  Against  Animal  Vaccination :  an  essay  read  before 
the  Medical  Society  of  London.    Price  bd. 

Functional  Derangements  and  Debilities  of  the  Gene- 
rative System  :  their  Nature  and  Treatment. 
By  F.  B.  Courtenay,-M.R.C.S.    Eighth  Edition,  3^. 

On  Certain  Forms  of  Hypochondriasis,  and  Debilities 
peculiar  to  Man.    :^rom  the  German  of  Dr.  Pickford 
by  F.  B.  Courtenay,  M.R.C.S.    5^-.  ' 

Practical  Guide  for  the  Young  Mother.  Translated  from 
the  French  of  Dr.  Brochard,  late  Director-General  of 
Nurseries  and  Creches  in  France,  Edited  with  Notes  and 
Hints  for  the  English  Mother.    Crown  8vo.,  2s. 
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The  Breath,  and  the  Diseases  which  give  it  a  Fcetid 
Odour.  By  J.  W.  Howe,  M.D., 

Clinical  Professor  of  Surgery  in  the  University  of  Nesv 
York.    4^.  bd. 

"  The  appropriate  treatment  is  pointed  out  in  a  manner  quite  intelligible 
to  the  non  med  cal  reader,  for  whom  the  work  is  specially  designed,  though 
It  contains  many  observations  and  suggestions  of  value  to  the  medical  reader 
hkewise."— ^Vtw  VorA-  Medical  Journal. 

The  Non-Alcoholic  Treatment  of  Diseases.  Reports  of 
Cases  treated  at  the  London  Temperance  Hospital.  Witli 
introductory  note  by  James  Edmunds,  M.D.,  M.R.C.P. 
Price  \s. 

Modern  Hydropathy :  with  Practical  Remarks  upon  Baths, 
in  Acute  and  Chronic  Diseases. 

By  James  Williams,  M.D.,  M.R.C.S.  ■2s. 

Practical  Observations  on  the  Harrogate  Mineral  Waters. 
By  A.  S.  Myrtle,  M.D,,  L.R.C.S.E.    Third  Edit.,  2s.  6d. 

By  the  same  Author, 
Chronic  Diseases  best  fitted  for  Treatment  by  the  Har- 
rogate Mineral  Springs.    Price  2s.  6d. 

Practical  Guide  to  the  Baths  of  Aix  in  Savoy. 

By  the  Baron  Despine,  Physician.  2s. 

The  Body  and  its  Ailments :  a  (family)  handbook  of  fami- 
liar directions  for  care  and  medical  aid  in  the  more  usual 
complaints  and  injuries. 

By  George  H.  Napheys,  A.M.,  M.D. 
With  over  100  illustrations.  6s. 
"It  is  a  volume  that  should  be  in  every  family." — Lloyd's  News. 
"We  have  rarely  read  any  form  of  domestic  medicine  so  simple,  yet 
reliable. " — Fuhlic  Opinion. 

Via  Medica  :  a  Treatise  on  the  Laws  and  Customs  of  the 
Medical  Profession,  in  relation  especially  to  Principals  and 
Assistants  ;  with  Advice  on  preliminary  Education. 

By  J.   Baxter  Langley,   LL.D.   M.R.C.S.,  F.L.S. 
Fourth  Edition,  y. 

Medical  Men  and  Manners  of  the  ISTineteenth  Century.  2s. 
By  Ar;fla(Tffsv;-oj. 


Publications  by  Baillilre,  Tindall,  and  Cox. 


Field  Geology,  with  ;i  Section  on  Paleontology.    By  W.  Hy. 

Penning,  F.G.S.,  of  H.M.  (jcologicul  Survey,  and  A.  J.' 

Jukes-Bkuwnk,  13.A.,  F.G.S.,  of  H.M.  Geological  Survey. 

Illustrated  with  wood-cuts  and  coloured  map.  Gs. 

"  Satisfies  a  want  whicli  has  long  been  fell  and  frciiuently  expressed."  

Nature. 

Engineering  Precedents  for  Steam  Machinery  :  embracing 
the  Performances  of  Steamships,  E.xperiments  with  Pro- 
pelling Instruments,  Condensers,  Boilers,  &c.  2  vols., 
8vo.    With  Plates  and  Tables. 

By  B.  E.  ISHERWOOD,  Chief  Engineer,  United  States  Navy.  15^. 

Dictionary  of  Technical  Terms  used  m  Iron  Ship-building, 
Steam-engines,  &c.    In  English,  French,  and  Italian. 
By  Giorgio  Taberna.  ^s. 
La  Methods  des  Methodes— clef  de  la  langue  Francaise.  By 

Madame  Paul  Gayrard.    2s.  6d. 

Electricity  Made  Plain  and  Useful.    By  John  We.sley, 
M.A.    Second  Edition,  2s.  6d.    A  Popular  Edition,  ij-. 
"A  curious  and  entertaining  little  work." — Liftrary  Churchman. 

Manual  Alphabet  for  the  Deaf  and  Dumb.    Official,  bd. 

Brilliant  Prospects.  A  Novel.  ByR.L.  Johnson,M.D.  T,s.()d. 

Queer  Customers.    By  the  same  Author.  \s. 

My  First  Start  in  Practice.    By  the  same  Author.  \s. 

Constipation :  its  Causes  and  Consequences.  With  Hints. 
By  a  Clergyman,  ij. 

Revelations  of  Quacks  and  Quackery.  A  Directory  of  the 
London  and  Provincial  Quack  Doctors ;  with  Facts  and 
Cases  in  Illustration  of  their  Nefarious  Practices. 

By  F.  B.  CouRTENAY,  M.R.C.S.,  Eng. 
Twenty-fifth  thousand.     \s.  6d. 

"  The  narrative  is  too  good  to  be  abridged,  and  ought  to  be,  as  we  be- 
lieve it  is,  largely  circulated" — Saturday  Rcvinn. 

' '  Buy,  therefore,  reader,  by  all  means  buy  '  Revelations  of  Quacks  and 
Quackery.'  Its  contents  will  amuse  and  astonish  you,  while  they  invoke 
your  indignation  and  disgust."— /'//w.r//. 

A  Physician's  Sermon  to  Young  Men.  By  William 
Pratt,  M.A.,  M.D.,  &c.  is. 

"The  delicate  topic  is  handled  wisely,  judiciously,  and  religiously,  as 
well  as  veiy  plainly." — Guardian. 
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A  Text-Book  of  Veterinary  Obstetrics,  iiicluding  the 
diseases  and  accidents  incidental  to  pregnancy  and  partu- 
rition in  the  Domesticated  Animals. 

By  George  Fleming,  R.E.,  F.G.S.,  Editor  of  The  Veterinary 
Journal.    In  ten  parts,  zs.  6d.  each. 

By  the  same  Author, 

The  Contagious  Diseases  of  Animals :  their  influence  on 
the  wealth  and  health  of  the  nation.  Read  before  the 
Society  of  Arts.  (>d. 

Horses  :  their  Rational  Treatment,  and  the  Causes  of 
their  Premature  Decay.    By  Amateur.  5^. 

An  Abridgment  of  the  above,  is. 

Third  Grade  Perspective,  comprising  Angles  and  Oblique 
Perspective,  Shadows  and  Reflections,  specially  prepared 
for  the  use  of  Art  Students  by  R.  J.  Dennis,  Art  Master 
l,ambeth  School  of  Art,  First  Assistant  Drawing  Master 
Dulwich  College,  &c.  With  Introduction  by  J.  Sparkes, 
Head  Master  of  National  Art  Schools,  South  Kensington. 
In  12  parts,  price  xs.  each. 

In  preparation. 

Artistic  Anatomy  for  the  use  of  Students  in  Schools  of  Art. 

Anatomy  of  the  External  Forms  of  Man:  designed  for 
the  Use  of  Artists,  Sculptors,  &c.    By  Dr.  J.  Fau. 
Twenty-nine  Plates.    FoUo.    Plain,  24^-. ;  coloured,  4,2s. 

Cheerful  Words:  Sermons  for  Asylums,  Hospitals,  Gaols,  and 
other  Public  Institutions.  By  Dignitaries  of  the  Church, 
and  Clergymen.  Edited  by  Wm.  Hyslop,  Proprietor  of 
Stretton  House  Asylum  for  Gentlemen,  Shropshire.  Vols. 
I.  and  II.,  price  5^.  each. 

Hymnologia  Christiana  Latina ;  or,  a  Century  of  Psalms 
and  Hymns  and  Spiritual  Songs.  By  Various  Authors, 
from  Luther  to  Heber.  Translated  into  Latin  Verse  by 
the  late  Rev.  Richard  Bingham,  M.A.  ^s. 

"There  are  something  under  a  hundred  and  twenty  versions  in  this 
elegant  little  volume,  many  of  them  of  considerable  length.  It  is  valuable, 
merely  as  an  evidence  of  that  elaborate  cultivation,  tliat  perfect  polish  of 
classical  scholarship,  which  it  is  very  good  for  the  world  at  large  that  some 
men  should  possess." — Lita-ary  C/iuir/iman. 
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WORKS  BY  DR.  ROTH, 

The  Prevention  and  Cui'e  of  many  Chronic  Diseasefi  by 
Movements.    With  Ninety  Engravings.  loi. 

The  Handbook  of  the  Movement-Cure.  With  One  Hun- 
dred and  Fifty-five  Original  Engravingr;.  los. 

Contributions  to  the  Hygienic  Treatment  of  Paralysis, 

and  of  Paralytic  Deformities.  With  Thirty-Eight  Engrav- 
ings.   Illustrated  by  Numerous  Cases,    y.  6d. 

The  Prevention  of  Spinal  Deformities,  especially  of  Lateral 
Curvature  ;  with  Notes,    y.  bii. 

On  Paralysis  in  Infancy,  Childhood,  and  Youth.  With 
Forty-five  Engravings,    y.  6d. 

A  Short  Sketch  of  Rational  Medical  Gymnastics,  or  the 
Movement-Cure.    With  Thirty-eight  Engravings,  is. 

Table,  showing  a  few  Injurious  Positions,  and  some  De- 
formities of  the  Spine,  produced  partly  by  bad  positions, 
and  tight  lacing.    With  Forty-six  Engravings.  6d. 

A  Table  of  a  Few  Gymnastic  Exercises  without  Ap- 
paratus.   With  Thirty-three  Wood  Engravings.  6d. 

Gymnastic  Exercises  on  Apparatus,  according  to  the  Ra- 
tional System  of  Ling.    With  Eighty  Illustrations,  is. 

The  Gymnastic  Exercises  of  Ling.  Arranged  by  Dr. 
Rothstein ;  translated  by  Dr.  Roth.  Second  Edition. 
2s.  6d. 

The  Russian  Bath :  Avith  some  Suggestions  regarding  Pub- 
lic Health.    Second  Edition,  is. 

On  the  Importance  of  Rational  Gymnastics  as  a  Branch  of 
National  Education  :  a  Letter  to  Lord  Granville.  i.f 

Exercises  or  Movements,  according  to  Ling's  System. 
With  Forty-two  Illustrations.    Fourth  Edition,  is. 

Two  Tables  of  Gymnastic  Exercises  without  Appa- 
ratus ;  with  Explanations,  is. 

A  Plea  for  the  Compulsory  Teaching  of  Physical  Edu- 
cation, is. 
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PERIODICAL  PUBLICATIONS. 

The  Medical  Press  and  Circular.  Established  1838. 
Published  every  Wednesday  Morning  in  London,  Dublin, 
and  Edinburgh.  Is  one  of  the  oldest  and  most  influential 
of  the  Medical  Journals,  ^d.  Per  annum,  post  free, 
in  advance,  jQi  \s. 

The  Student's  Journal  and  Hospital  Gazette.  A  Fort- 
nightly Review  of  Medicine,  Surgery,  and  the  Collateral 
Sciences.  The  only  Paper  that  represents  the  whole  body 
of  Medical  Students  in  the  United  Kingdom,  ^d.  Per 
annum,  post  free,  7^'.  dd. 

The  Doctor.  A  Monthly  Review  of  British  and  Foreign 
Medical  Practice  and  Literature.  Published  on  the  ist  of 
every  Month,    kd.    Per  annum,  post  free,  6s. 

The  Veterinary  Journal,  and  Annals  of  Comparative 
Pathology.  Edited  by  George  Fleming,  F.R.G.S., 
Veterinary  Surgeon,  Royal  Engineers,  ex-President  of  the 
Royal  College  of  Veterinary  Surgeons ;  published  on  the 
I  St  of  every  month,  price  \s.  6d.  Subscription,  1 8s.  per 
annum,  post  free. 

The  Analyst,  including  the  proceedings  of  the  "  Society  of 
Public  Analysts."  A  monthly  journal  for  the  information 
of  those  interested  in  the  purity  of  Food,  Drugs,  &c. 
Price  6d. 

The  Journal  of  Psychological  Medicine  and  Mental 
Pathology.  Edited  by  Lyttleton  S.  Forbes  Winslow, 
M.B.,  D.C.L.,  Oxon,  Lecturer  on  Mental  Diseases,  Char- 
ing Cross  Hospital.    Published  half  yearly,  bd. 


DIRECTORIES. 

The  Irish  Medical  Directory  (Annual).  Contains  a  com- 
plete Directory  of  the  Profession  in  Ireland  ;  their  Resi- 
dences and  Qualifications  ;  the  Public  Ofiices  which  they 
hold,  or  have  held  ;  the  Dates  of  Appointments  ;  and  the 
published  Writings  for  which  they  are  distinguished.  5^. 

The  Medical  Register  and  Directory  of  the  United 
States  of  America.  Containing  the  Names  and  Addresses 
of  about  70,000  Practitioners  of  all  grades,  systematically 
arranged  by  States.  305-. 
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STANDARD   FRENCH  WORKS. 

_   -  £  s.  d. 

Alvarenga. — TliLTmomclrie  cliiii()uc;  -  -  -050 
Anger. — Nouveaux  Clt'iiiLMitsd'aiuitomie  chiriirgicale,  .ivcc  atlas  200 
  MalailU's  chirurgicaks  nouvclles  fractures  ct  luxa- 
tions, coloriees  -  -  -  -  7  lo  o 
Anglada. — Etudes  sur  Ics  maladies  nouvellcs  ct  Ics  maladies 

eteintes  -  -  -  -  -080 

Armand. — I'raite  de  Climatologic  generalc  -  -     o  14  o 

Barnes. — Lefons  sur  les  operations  obstetricalcs     -  -     o  12  o 

Barth  and  Roger.— Traite  pratique  d' Auscultation  suivi 

d'un  precis  de  percussion      -  -  -070 

Bayard. — Traite  pratique  des  maladies  de  I'estomac  -    o  10  o 

Beaude. — Dictionnaire  de  medccine  usuelle  a  I'usage  des 

gens  du  monde      -  -  -      2  vols.      I  10  o 

Beaunis  el,  Bouchard. — Nouveaux  elements  d'anatomic 

descriptive  -  -  -  -     o  18  o 

 Precis  d'anatomie  et  de  dissection  -  -046 

Beaunis. — Nouveaux  elements  de  physiologic  humainc  -  0140 
Beclard. — Traite  elementaire  de  Physiologie  humaine  o  16  o 

Becguerel. — Traite  des  applications  de  I'electricite  a  la  the- 

rapeutique  medicale  et  chirurgicale      -  -070 

 Traite  elementaire  d'hygiene  privee  et  publique      -  090 

Behier  et  Hardy.  —  Traite  elementaire  de  Pathologic 

Interne. 

Vol.  I.  Pathologic  generale  et  Semeiologie  -  o  12  o 
Vol.  11.  Inflammations  du  tube  digestif  et  de 

I'appareil  respiratoirc,  circulatoire  et  nerveux  0120 
Vol.  HI.    Inflammation  de  I'.-ippareil  genito- 

urinaircs  de  la  peau  et  de  I'appareil  locwmoteur     o  12  o 
Bennet. — Recherches  sur  le  traitement  dela  Phthisie  pulmon- 

aire  par  I'hygiene  las  climats  et  la  medccine       -  040 
Beraud. — Atlas   complet  d'anatomie   chirurgicale  topogra- 

phique   -  -  -  -  '     I    °  ° 

  Ditto  ditto,  with  coloured  plates  -  -600 

 ■  et  Robin.— Manuel  de  physiologie  de  I'homme  et 

des  principaux  vertebres      -  -      2  vols.  0120 

 et    Velpeau.— Manuel   d'anatomie  chirurgicale 

generale  et  topographique     -  -  -070 

Berenger-Feraud  —Traite  de  I'immobilisation  directe  des 
fragments  osseux  dans  les  fractures 

 ■  Traite  des  fractures  non  consolidees  ou  pseudarthroses  0100 

  De  la  fievre  bilieuse  melanurique  des  p.ays  chauds, 

comparee  avec  la  fievre  jaune  ;  etude  clinique  faite 

au  Senegal  -  -  "  -      O  / 

  De  la  fievre  jaune  au  Senegal,  etude  faite  dans  les 

hopitaux  de  Saint-Louis  et  de  Goree       -    _  -07 

  Traite  clinique   les   maladies   des   Europeens  au 

Senegal  -  -  -  -      2  vols.      O  16 

Bergeret. — Abus  des  boissons  alcooliques  -  -031 


o  ID  o 


BailUere,  Tindali,  ami  Coxs  Standard  French  Works. 
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Bergeret.— Fraudes  dans  I'accomplissement  des  functions  gene- 
ratrices -  -  ■  " 
Bernard.— Lecons  sur  le  chaleur  animalc  /  07c 
Bernard  (Claude).— Lemons  dc  physiologic  expenmentaie 

appliquee  a  la  medecinc        -  -      2  vob.      o  14  c 

  Lecons  sin  les  effels  des  substances  to.\iques  et  me- 

dicamenteiises       -  -  ■  -07c 

  Legons  sur  la  physiologie  et  la  pathologie  du  systeme 

nerveux  -  -  "  1      i  ' " 

Lecons  sur  les  proprietes  pliysiologiques  et  les  alter 
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ations  patliologiques  des  liquides  de  I'organisme  -  o  14  c 
Lecons  de  patliologie  experimentale         -  -07c 

T~\  r-.         •.-.lnrL-w\l/~ifTit»  f  rtinA^v-:!  \(^  -  ~  O       0  C 


o  4 


  De'la  physiologic  generale 

 .   et  Huette.  — Precis  iconographique  de  medecme 

operatoire  et  d'anatomie  chirurgicale    -  -14c 

  Ditto  ditto,  with  coloured  plates  -  -     2    8  c 

  Premiers  secours  aux  blesses    -  -  -      o    2  c 

Bert.— Lecons  sur  la  physiologie  comparee  de  la  respiration  -     o  10  c 
Berthier.— Des  Nevroses  menstruelles,  ou  la  menstruation 
dans  ses  rapports  avec  les  maladies  nen'euses  et 
mentales  -  -  -  "  -05c 

  Des  Nevroses  diathesiques,  ou  les  maladies  nerveuses 

dans  leurs  rapports  avec  la  rhumatisnie,  la  goutte, 

les  dartres,  la  syphilis,  le  cancer,  la  scrofule,  etc.    -  05c 

_  Classification  et  diagnostic  des  maladies  mentales     -     o    4  i 

Bidlot.— Etudes  des  diverses  especes  de  phthisic  pulmonaire  et 

sur  le  traitement  applicable  a  chacume  d'elles 
Bilhaut. — Etude  sur  la  temperature  dans  la  phthisic  pulmo- 
naire.   ln-8  de  51  pages  et  4  planches,  1S72         -     o    I  c 
Billroth.— Elements  de  Pathologie  Chirurgicale  general       -     o  14  c 
Binet.— Du  cornage  broncho-lracheal  et  de  ses  rapports  avec 

la  mort  subite  -  -  "  -02c 

Blrot— Essai  sur  les  albumines  pathologiques.   In-8  de  116  p. 
1874 

Bivort. — Observations  et  etudes  sur  les  causes,  la  prophylaxie 

et  le  traitement  de  la  fievre  lyphoide 
Bocquillon. — Manuel  d'histoire  naturetle  medicale  -    2  vols.      o  14  c 
Boisseau. — Des  maladies  siiuulees  et  des  moyens  delesrecon- 

naitre     -  -  -  -  -07c 

Boivin  et  Duges. — Anatomic  pathologique  de  I'uterus  et  de 

ses  annexes  -  -  -     p/.  co/.     2    ^  (. 

Bonnafont. — Traite  theorique  et  pratique  des  maladies  de 

I'oreille,  et  des  organes  de  I'audition    -  -      o  10  c 

Bossu  (A.) — Anthropologie,  ou  etude  des  organes,  fonctions, 

maladies  de  I'homme  et  de  la  lemrae,  2  vol.  et  atlas      015  c 

Figures  coloirees      i    i  c 

  Traite  des  plantes  medicinales  indigenes,  precede 

d'un  cours  de  botanique.   1  vol.    et  atlas.  Figures 
noires       -  -  -  -  -013c 

Figures  coloriees      I    i  < 


o  3  c 
02c 
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Bossu  (A.)— l-.ois  cl  mysleres  cles  fonctions  de  reproduction 
considLM-es  dans  tons  les  etres  animes,  .spccialcmtiU 
cliLV,  riiommc  el  chex  la  femmc 

Bouchardat.— Lc  Travail,  son  innuente  snr  la  sank- 

 Annuaire  de  lherai5eiiti<|ue,  de  matiere  medicale,  de 

pliannacie,  et  de  luxicologie  - 

 Forniulaire  velerinaire 

 Manuel  de  matiere  medicale,  de  therajieuticiue  et  de 

jiharmacie  -  -  .2  vols. 

■  Nouveau  formulaire  magistral  - 

Bouchut. — Mistoire  de  la  medecine  et  des  doctrines  Medicales 

2  vols. 

  Traite  de  pathologic  gencrale  et  de  semeiologie 

 Re  la  vie  et  de  ses  attributs 

— ■  Traite  pratique  des  maladies  des  nnuveau-ncs 

■  et  Despres. — Dictionnaire  de  medecine  et  de  thc- 

rapeutique  -  -  .  . 

 Atlas  d'ophthahnoscopie  medicale,  de  cerebroscopie 

  De  I'etat  nerveux  aigu  et  chronique.  1877 

Boudin. — Traite  de  geographic  et  de  stalistique  medicales,  et 

des  maladies  endemiques       -  -      2  vols. 

Bourgery. — Traite    de    I'anatomie     de    rhommc,  com- 

prenant  la  medecine  operatoire,  dessine  d'apres 

nature,  par  H.  Jacob— 8  vols,  folio,  726  planches 
 Ditto,  ditto,  coloriees 

 et  Jacob. — Anatomie  elementaire  en  20  planches, 

representant  chacune  un  sujet  dans  son  entier  a  la 
proportion  de  demi-nature,  avec  un  texte  explicatif 

'  Ditto  ditto,  coloured 

Bourgeois. — Les  passions  dans  leurs  rapports  avec  la  sanle  et 
les  maladies         -  .  .  . 

Brehm. — La  vie  des  animaux  illustree — Les  raammiferes 

 — —    Ditto  ditto  Les  oiseaux 

Briand  et  Chaude. — Manuel  complet  de  medecine  legale  - 
BurdeL — Du  cancer  considere  comme  souche  tuberculeuse 
Carles. — Etude  sur  les  quinquinas  ... 
Carriere. — Le  climat  de  ITtalie 

Cauvet. — Nouveaux  elements  d'histoire  naturelle  medicale 
Cazeaux. — Traite  de  I'art  des  accouchements 
Cazenave. — Lemons  sur  les  maladies  de  la  piau 
Cerise. — Melanges  medico-ps3'cologiques - 
Ctiauveau.' — Traite  d'anatomie  comparee  des  animaux  do- 
mestiques 

Cliarcot. — Lecons  cliniques  sur  les  maladies  des  vieillards  et  les 
maladies  chroniques,  par  le  docteur  Ball.    2.''  edition 

  1^  serie,  publiee  par  le  docteur  Ch.  Bouchard. 
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Charcot.  — Tome  II,   i"  fascicule.     Anomalie  dc  I'ataxic 

locnmotrice,  with  I  planche     -  ■  -020 

2=  fascicule.    De  la  compression  lenle  de  la  moelle 

epiniere,  avec  2  planches      -  -  -020 

3e  fascicule.  Amyotrophies,  avec  2  planches         -  040 

  De  la  pneumonic  chronique       -  -  .020 

Chauvel. — Precis  d'operations  de  chirurgie  -  -     o    6  o 

Chevallier. — Dictionnaire  des  alterations  et  falsifications  des 
substances  alimentaires,  &c.,  avec  Tindication  des  moyens 
de  les  reconnaitre  -  ,  -  -  -  '    *    ?  ° 

Civiale.— La  Lithotritie  et  la  Taille  _     -  .  ,       -     o  16  o 

Codex  Medicamentarius,  phamiacopee  franjaise,  redigee  par 

ordre  du  gouvernement        -  -  -      o  10  O 

Colin. — Traite  de  physiologic  comparee  des  animaux  2  vols.  160 
Comite-Consultatif  d'hygiene  publique  de  France,  recueil 

des  travaux  et  des  actes  officiels  de  I'administration 

sanitaire,  chaque  vol.  -  -080 

Comte. — Structure  et  physiologic  de  I'homme,  demontrees  a 

I'aide  des  figures  coloriees,  decoupees,  etsuperposees  046 
Corlieu. — Aide-memoire  de  medecine,  de  chirurgie,  et  d'ac- 

couchements         -  -  -  -060 

Gornil   et  Ranvier. — Manuel  d'histologie  pathologique. 

Parts  I.  and  II.,  chaque       -  -  -046 

  Part  III.    -  -  -  -  -070 

CorniUiac. — Etudes  sur  la  Fievre  Jaune  a  la  Martinique  -  o  12  o 
Courty. — Traite  pratique  des  maladies  de  I'uterus  des  ovaires 

et  des  trompes         -  -  -  -     o  ig  o 

CruveilhieretSee. — Traited'anatomiedescriptive(complet)-  250 

 •  Vol.  I. — Osteologie,  Arthrologie  et  le  Myologie      -  0160 

  Vol.  2. — Splanchnologie  et  organes  des  sens  -      O  15  O 

 •          Vol.  3. — Angeiologie  et  Nevrologie  -  -0170 

Cruveilhier. — Traited'anatomie pathologique generale  '^voh.  I  15  o 
 Anatomic  pathologique  du  corps  humain.    41  liv- 

raisons,  chaque      -  -  -  -0110 

Cuvier. — Les  oiseaux  decrits  et  figures.     72  planches,  464 

figiu'es,  noires       -  -  -  -      I  10  o 

 Ditto  ditto,  coloriees  -  -  -  -     2  10  o 

 Les  mollusques.    56  planches,  520  figin-es,  noires  -  0150 

  Ditto  ditto,  coloriees  -  -  -150 

  Les  vers  et  les  zoophytes.    37  planches,  520  figures, 

noires     -  -  -  -  -0150 

 Ditto  ditto  coloriees  -  -  -  -150 

Cyr. — Traite  d'alimentation,  dans  ses  rapports  avec  la  physi- 
ologic, la  pathologie,  et  la  therapeutique  -      o    8  o 
Cyon. — Principes  d'electrotherapie          -              -  -040 
Dagonet. — Nouveau  traite  de  maladies  mentales   -  -0150 
Daremberg. — Histoire  des  sciences  medicales       -     2  vols.  100 

 Medecine,  histoire  et  doctrines  -  -  -036 

Davaine. — Traite  des  entozoaires  et  des  maladies  vemiineuses 

de  I'homme  et  des  animaux  domestiques  -  0120 
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Demarquay. — De  la  regeneration  des  organes  ct  des  tissus  - 
  Maladies  cliirurgicales  du  I'enis 

Depaul. — Lc(,:oMs  de  eliiii(|ue  oljstelricale.  ledigees  par  M.  le 
docteur  ]  )e  Soyre    2  vols.         -  - 

Cartonne  -  ■  -  . 

Deschamps. — Compendium  de  pharrancic  pralicjue 

Desmarres. — Lec^ons  elinic|ues  sur  la  Cliirurgie  oculaire 

Despine  and  Picot.— Manuel  pratique  des  maladies  de 
Tenfanee  -  -  -  .  . 

Despres.  — Kapport  sur  les  Iravaux  de  la        amlndance  a 
I'annee  du  Rhin  et  a  I'armee  de  la  Loire 

Dolbeau. — Lefons  de  clinic|ue  chirurgieale 

 —    De  la  lilhotrilie  perineale 

Donne. — Hygiene  des  gens  du  nionde 

Dorvault. — Officine  ou  repertoire  genc'rale  dc  pharmacie  pra- 
tique     -  -  .  .  . 
 •    demi  reliure,  ■zis  ;  cartonne 

Duchartre. — Elements  de  botanique,  coraprenant  Tanatomie, 
I'organographie,  la  physiologic  des  plantes,  les 
famdles  naturellcs,  et  la  geographie  botanique 
Duchenne. — De  I'electrisation  localisee  - 

■   Physiologic  des  iVlouvementes  -  .         .  . 

•  ■  ■    Mecanisme  de  la  physiononiie  liumaine.    9  plates  - 

Edition  de  luxe,  74  pi.  photo,  and  g  jjl. 
Durand-Fardel. — Traite  pratique  des  maladies  clironiques 

2  vols. 

■  Dictionnaire  general  des  eaux  mlnerales  et  d'hydro- 

logie  medicale       -  -  -      2  vols. 

■  ■    Traite  pratiques  des  maladies  des  vieillards 

  Traite  clinique  et  iherapeutique  du  diabete 

Duval  et  LerebouUet.  — iVIanuel  du  microscope 

Fano. — Traite  c-lemcntaire  de  chirurgie   -  -      2  vols. 

Farabeuf.— De  L'cpiderme  et  des  Epitheliums 

Fau. — Anatomic  artistique,  plain,  4s  :  coloriee 

Fauvel. — Traite  pratique  des  maladies  du  larynx,  precede-  d'un 

traite  complct  de  laryngoscopie 
Ferrand — Traite  de  therapeutique  medicale 
Fleury. — Traite  therapeutique  et  clinique  d'hydrotherapie 
Follin  et  Duplay. — Traite  elementaire  de  pathologic  ex- 
terne.  ----- 
Fonssagrives. — Hygiene  et  assainissement  des  Villes 

 Therapeutique  generale 

 Hygiene  navale,  1877 

Fournier. — Leconschniques  sur  la  syphilis  etudiee  particuliere- 
ment  chez  la  femme  -  -        i  vol. 

Fort. — Anatomic  descriptive  ct  dissection,      edition     3  vols. 

  Pathologic  et  clinique  chirurgicales 

Foville. — Etude  clinique  de  la  folic,  avec  predominance  du 
dSlire  des  grandeurs  .  .  . 
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Fuster.— Cliiiique  Medicixle  de  MontpL-lher,  vol.  I 
Galante.— Emploi  du  cnoutcliouc  vulcanis';  dans  la  Iherapeu- 

tique  medico-chirurgicalc 
Galezowski.— Traite  dcs  maladies  des  yciix         ^  - 

 l)u  diagnostie  des  maladies  des  ycux  par  la  chro- 

matoscopie  retinieniie 
Traite  iconogi-aphiqne  d'oplitlialniinscopie 


Gallard.— Lecons  cliniques  sur  les  maladies  des  femmes 
Gallez.— Histoire  des  kystes  de  Fovaire  -  - 
Ganot.— Traite  elemeiitaire  de  physique,  expgnmentale  et  ap- 

pliquee,  et  de  meteorologie  - 
Gamier.— Dictionnaire  anmiel  des  progres  des  sciences  et 

institutions  medicales 
Garrigou, — Bagneres  de  Luchon  -     •  - 

Gaujot  et  Spillman.— Arsenal  de  la  chirurgie  contempo- 
raine     -  -  -  "      2  i/o/j. 

Gervais  et  Van  Benenden.— Zoologie  medicale 
Gintrac— Cours  tlieorique  et  clinique  de  patbologie  interne  et 

de  therapie  medicale  -  ,"  ^ 

Girard.— Traite  elementaire  d'entomologie  Coleopteres.  Avec 
atlas,  colorie         -  -  ■  ' 

  Ditto,  ditto,  noire     -  -  -  " 

Gloner.— Nouveau  dictionnaire  de  therapeutique  - 
Godron.— De  I'espece  et  des  races  dant  les  etres  organisSes  - 
Goffres. — Precis  iconographique  des  bandages,  pansements,  et 
appareils  ■  -  -  ' 

Gori.— Des  hopitaux,  tentes,  et  baraques 

Gosselin.— Clmique  chirurgicale  de  I'hGpital  de  la  Charite  2  vols 
Goubert.— j\'Ianuel  de  I'art  des  autopsies  cadaveriques,  surtout 

dans  les  applications  a  I'anatomie  pathologique  - 
Graefe. — Clinique  ophtbalmologiqiie  - 
Grehant.  — Manuel  de  physique  medicale      -  - 
Grellois. — Histoire  medicale  du  blocus  de  Metz 
Gubler.— Commentaires  therapeutiques  du  Codex  medicamen- 

tarius 

Guibourt.  — Histoire  naturelle  des  drogues  simples       4  vols. 
Guttman.— Traite  du  diagnotic  des  maladies 
Guyon. — Elements  de  chirurgie  clinique 

Hacquart. — Botanique  medicale       .  -  -  - 

Heckel.— Histoire  medicale  et  pliarmaceutique  des  princi- 

paiix  agents  medicamenteux-  . 
Herard  et  Cornil.— De  la  phthisie  pulmonaire 
Hervieux.— Traitfe  clinique  et  pratique  des  maladies  puerpe- 

rates  et  des  suites  de  couches    -  -  - 

Houel.— Manuel  d'anatomie  pathologique  generale  - 
Jamain.— Manuel  de  pathologie  et  de  clinique  chirurgicales 

vol.  I 

  Manuel  de  petite  chiiiirgie  -  -  -  - 

  Nouveau  traite  elementaire  d'anatomie  descriptive  et 

de  preparations  anatomiques 
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Jamain. — Figures  coloriees  ... 

Jeannel.— Proslitution  dans  les  frraiidcs  villes  It/ siecle        -     o    c  o 

 ]'onmilaire  magistral  et  officinal  inlernalinnal         -      o  C 

Jobert  (de  Lomballe).— De  la  reunion  en  cliinngie 
Kuss  et  Duval. — Cours  dc  jjliysiologie 
Kiener.— Le_  Species  general  et  iconographie  des  coquilles 
yivantes,  continue  par  le  Docleur  Fischer.  Genre 
^  Turbo,  avec  43  planches  gravies  et  coloriees 
■  Genre  Trochus 

Lancereaux.— Atlas  d'analomie  pathologique       -  '. 
Lecorche.  — Traite  du  Diabete 
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Lecour.— Prostitution  a  Paris  et  a  Londres,  1789— 1871       -     o  '4  6 
Le  Fort.— La  chirurgie  militaire  et  les  societes  de  secours  en 
France  et  a  I'etrangcr      -  .  .  . 

Lefort. — Traite  de  chiniic  hydrologique         -  .  . 

Liebreich. — Atlas   d'ophthalmoscopie  ■  representant  I'etat 
normal  et  les  modifications  pathologiques  du  fond 
de  I'teil  visibles  a  I'ophthalmoscope 
Legouest. — Traite  de  chirurgie  de  I'armee     -  .  -     u  14 

Lemaire. — Acide  phenique  -         .  .  -06 

Levy. — Traite  d'hygiene  publiquc  et  privee  2  vols. 

Littre  et  Robin. — Dictionnaire  de  medecine,  de  chirur»ie. 

de  pharmacie,  de  I'art  veterinaire.    141=  edition    -      1  u 
Longet. — Traite  de  Physiologie,  3enie  edition  -  3  vols.      i  16 

Lorain. — Etudes  de  medecine  clinique  :  Le  cholera,  observe  a 

I'hopital  Saint  Antoine     -  -  -  -07 

 Le  pnuls,  ses  variations  et  ses  formes  diverses  dans 

les  mal.adies        -  -  -  .  o  10 

Luys. — Iconograjjhie  photographique  des  centres  nerveux      -      7  10 
Magnan— De  rAlcoolLsme,  cles  diverses  fonnes  du  delire  al- 

coolique  et  de  leur  traitement   -  -  •      o  c 

Mailliot.— Auscultation        -  -         -         .  . 

Malgaigne.— Manuel  de  medecine  operatoire  -    vol.  ] 

■   Traite  d'anatomie  chirurgicale  et  de  chirurgie  experi- 

-,,     „mentale   -  -  .  .  -ivols.       o  18  c 

MandL— Hygiene  de  la  Voix  -  -  .  -046 

•  —    Maladies  du  larynx  et  du  pharynx  -  -  -0180 

Marais. — Guide  pratique  pour  I'analyse  des  urines  -  -036 
Marce. — Traite  pratique  des  maladies  mentales         -  -080 

•  Recherches  cliniques  et  anatomo-pathologiques  -016 

Marchand. — Des  accidents  qui  peuvent  compliquer  la  reduc- 

tiors  des  luxations  traumatiques 
Marchant. — Etude  sur  les  maladies  epidemiques 
Marvaud.— Effels  physiologiques  et  theiapeutiqu£s  des  ali- 
ments d'tpavgiie  ou  antideperditeurs       -  -036 

  Les  Aliments  d'epargne  Alcool  et  Boisons  aroma- 

tiques  (cafe,  the,  &c.)       -  -  .  -060 
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Mayer. — Rapports  conjugaux,  considCres  sous  point  de  veu  de 

la  population,  sante,  et  de  la  morale  publiquc     -  030 
  Memoii-e  sur  Ic  mouvement  organique  dans  ses  rap- 
ports avec  la  nutrition      -  -  -  -030 
Meyer. — Traitc  dcs  maladies  des  yeux           -  -  -     o  10  o 
Montmeja. — Pathologic  iconogi-apliique  du  fond  dc  I'reil, 

traite  d'ophthalmoscope    -  -  -0180 

Moquin-Tandon. — Elements  de  botanique  medicale         -  060 

  Elements  de  zoologie  medicale        -  -  060 

Morache. — Hygiene  militaire  -  -  o  16  o 

Morel. — Traite  d'hsitologie  humaine  -  -  avcc  atlas     o  12  o 

Naegele  et  Gernser. — Traite  de  I'art  des  accouchements  -  o  12  o 
Naquet. — Principes  de  chimie     -  -  -  2  vols.      o  10  o 

Nelaton. — Elements  de  pathologic  chirurgicale         -  3  vols.      i  16  o 

vol.  4,  part  I.  070 
Nielly. — Manuel  d'obstetrique  ou  aide-memoire  de  I'eleve  et 

du  practicien       -  -  -  -  -040 

Niemeyer. — Pathologic  interne        -  -         -  2  vols.     o  14  o 

Onimus  et  Legros. — Traite  d'electricite  medicale    -  -     o  12  o 

Ore. — Etudes  sur  la  transfusion  du  sang    -  -  -0120 

Paulet. — Resume  d'anatomie  appliquee  -  -050 

Pean. — Lemons  de  clinique  chirurgicale    -  -  -100 

Pelletan. — Lc  microscope,  son  emploi  et  des  applications  -  o  16  o 
Penard. — Guide  pratique  de  I'accouchcur  et  de  la  sage-femme  040 
Peter. — Lccons  de  clinique  medicale  -  -  -    vol.  l      o  15  o 

vol.  2  sous  prcsse 
Petrequin. — Noveau.x  melanges  de  chirurgie  et  de  mgde- 

cine         -  -  -  -  -  -076 

Pidoux. — Etudes  sur  la  phthisic        -  -  -  -090 

Pinard. — Vices  de  conformation  du  bassins  -  -070 

 Centre  indications  de  la  version  dans  la  presentations 

de  I'epaule  -  -  -  -030 

Poggiale. — Traite  d'analyse  clinique  -  -  -  -090 

Poiltcare. — Lecjons  sur  la  Physiologic  normale  et  patholo- 

gique  du  Systeme  Nerveux  -  -  3  vols.      O  iS  O 

Quatrefages  et  Hamy. — Lcs  cranes  des  races  humaines, 

cn  6  livraison  chaque       -  -  -  -      o  14  o 

Quetelet. — Anthromopetrie,  ou  mesure  des  differentes  facultes 

de  I'homme         -  -  -  -  -     o  12  o 

Raciborski. — Histoirc  des  decouvcrtes  relatives  au  systeme 

veineux    -  -  -  -  -  -030 

  Traite  de  la  menstination    -  -  -  -  0120 

Racle. — Traite  de  diagnostic  medical,  guide  clinique  pour 

I'etudc  des  signcs  caracteristiques  des  maladies    -  070 
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